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PEPTIDOMIMETIC MODULATORS OF CELL ADHESION 

TECHNICAL FIELD 

The present invention relates generally to methods for modulating cell 
adhesion, and more particularly to peptidomimetics of cyclic peptides comprising a 
5 cadherin cell adhesion recognition sequence, and to the use of such peptidomimetics for 
inhibiting or enhancing cadherin-mediated cell adhesion. 

BACKGROUND OF THE INVENTION 

Cell adhesion is a complex process that is important for maintaining 
tissue integrity and generating physical and permeability barriers within the body. AJ1 
10 tissues are divided into discrete compartments, each of which is composed of a specific 
cell type that adheres to similar cell types. Such adhesion triggers the formation of 
intercellular junctions (i.e., readily definable contact sites on the surfaces of adjacent 
cells that are adhering to one another), also known as tight junctions, gap junctions and 
belt desmosomes. The formation of such junctions gives rise to physical and 
15 permeability barriers that restrict the free passage of cells and other biological 
substances from one tissue compartment to another. For example, the blood vessels of 
all tissues are composed of endothelial cells. In order for components in the blood to 
enter a given tissue compartment, they must first pass from the lumen of a blood vessel 
through the barrier formed by the endothelial cells of that vessel. Similarly, in order for 
20 substances to enter the body via the gut, the substances must first pass through a barrier 
formed by the epithelial cells of that tissue. To enter the blood via the skin, both 
epithelial and endothelial cell layers must be crossed. 

Cell adhesion is mediated by specific cell surface adhesion molecules 
(CAMs). There are many different families of CAMs, including the immunoglobulin, 
25 integrin, selectin and cadherin superfamilies, and each cell type expresses a unique 
combination of these molecules. Cadherins are a rapidly expanding family of calcium- 
dependent CAMs (Munro et al, In: Cell Adhesion and Invasion in Cancer Metastasis, 
P. Brodt, ed., pp. 17-34, RG Landes Co.(Austin TX, 1996). The classical cadherins 
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(abbreviated CADs) are integral membrane glycoproteins that generally promote cell 
adhesion through homophilic interactions (a CAD on the surface of one cell binds to an 
identical CAD on the surface of another cell), although CADs also appear to be capable 
of forming heterotypic complexes with one another under certain circumstances and 
5 with lower affinity. Cadherins have been shown to regulate epithelial, endothelial, 
neural and cancer cell adhesion, with different CADs expressed on different cell types. 
N (neural) - cadherin is predominantly expressed by neural cells, endothelial cells and a 
variety of cancer cell types. E (epithelial) - cadherin is predominantly expressed by 
epithelial cells. Other CADs are P (placental) - cadherin, which is found in human skin 
10 and R (retinal) - cadherin. A detailed discussion of the classical cadherins is provided 
in Munro SB et al., 1996, In: Cell Adhesion and Invasion in Cancer Metastasis, P. 
Brodt, ed., pp. 17-34 (RGLandes Company, Austin TX). 

The structures of the CADs are generally similar. As illustrated in Figure 
1, CADs are composed of five extracellular domains (EC1-EC5), a single hydrophobic 
15 domain (TM) that transverses the plasma membrane (PM), and two cytoplasmic domains 
(CP1 and CP2). The calcium binding motifs DXNDN (SEQ ID NO:8), DXD and LDRE 
(SEQ ID NO:9) are interspersed throughout the extracellular domains. The first 
extracellular domain (EC1) contains the classical cadherin cell adhesion recognition 
(CAR) sequence, HAV (His-Ala-Val), along with flanking sequences on either side of the 
20 CAR sequence that may play a role in conferring specificity. Synthetic peptides 
containing the CAR sequence and antibodies directed against the CAR sequence have 
been shown to inhibit CAD-dependent processes (Munro et al., supra; Blaschuk et al., J. 
Mol. Biol.2U:679-%2, 1990; Blaschuk et al., Develop. Biol. 139:221-29, 1990; Alexander 
et al., J. Cell. Physiol. 755:610-18, 1993). The three-dimensional solution and crystal 
25 structures of the EC1 domain have been determined (Overduin et al., Science 267:386- 
389, 1995; Shapiro et al., Nature 374:327-337, 1995). 

Although cell adhesion is required for certain normal physiological 
functions, there are situations in which cell adhesion is undesirable. For example, many 
pathologies (such as autoimmune and inflammatory diseases) involve abnormal cellular 
30 adhesion. Cell adhesion may also play a role in graft rejection. In such circumstances, 
modulation of cell adhesion may be desirable. 
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In addition, permeability barriers arising from cell adhesion create 
difficulties for the delivery of drugs to specific tissues and tumors within the body. For 
example, skin patches are a convenient tool for administering drugs through the skin. 
However, the use of skin patches has been limited to small, hydrophobic molecules 
5 because of the epithelial and endothelial cell barriers. Similarly, endothelial cells render 
the blood capillaries largely impermeable to drugs, and the blood/brain barrier has 
hampered the targeting of drugs to the central nervous system. In addition, many solid 
tumors develop internal barriers that limit the delivery of anti-tumor drugs and 
antibodies to inner cells. 
10 Attempts to facilitate the passage of drugs across such barriers generally 

rely on specific receptors or carrier proteins that transport molecules across barriers m 
vivo. However, such methods are often inefficient, due to low endogenous transport 
rates or to the poor functioning of a carrier protein with drugs. While improved 
efficiency has been achieved using a variety of chemical agents that disrupt cell 
15 adhesion, such agents are typically associated with undesirable side-effects, may require 
invasive procedures for administration and may result in irreversible effects. It has 
been suggested that linear synthetic peptides containing a cadherin CAR sequence may 
be employed for drug transport (WO 91/04745), but such peptides are often 
metabolically unstable and are generally considered to be poor therapeutic agents. 
20 Peptide agents are generally unsuitable for oral administration. 

Accordingly, there is a need in the art for compounds that modulate cell 
adhesion and improve drug delivery across permeability barriers without such 
disadvantages. The present invention fulfills this need and further provides other 
related advantages. 

25 SUMMARY OF THE INVENTION 

The present invention provides peptidomimetics of cyclic peptides 
comprising classical cadherin cell adhesion recognition (CAR) sequences, as well as 
methods for modulating cadherin-mediated cell adhesion. Within certain aspects, the 
present invention provides cell adhesion modulating agents that comprise a structure 

30 shown in any one of Figures 11, 13, 15A-15BQ 17A-17J, 18A-18E, 19A-19E, 21A-21N, 
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22A-22H, 23A-23F, 24A-24C, 29A-29Q or 31A-31AI. In specific embodiments, a cell 
adhesion modulating agent comprises a structure provided as any one of compounds 1-12. 

Within further aspects, methods are provided for screening a candidate 
compound for the ability to modulate classical cadherin-mediated cell adhesion, 

5 comprising comparing a three-dimensional structure of a candidate compound to a 
three-dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic peptide ring, wherein similarity between the structure of the candidate 
compound and the structure of the cyclic peptide is indicative of the ability of the 
candidate compound to modulate classical cadherin-mediated cell adhesion. Within 

10 certain embodiments, the cyclic peptide has the formula: 

(Y!)-(Xi)-His-Ala-Val-(X2)-(Y2) 
I 1 

15 wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. Such cyclic peptides include N-Ac ^HAVC -NHi (SEQ ID NO: 10), N- 

20 Ac -CHAVDC -NH? (SEQ ID NO:20), N-Ac-CHAVC-Y-NH 2 (SEQ ID NO:81) and N- 
Ac -CSHAVC -NH? (SEQ ID NO:36). The step of comparing may be performed, for 
example, visually or computationally. The candidate compound may, for example, be 
selected from a database of three-dimensional structures, and the three-dimensional 
structures of a candidate compound may be determined experimentally or may be 

25 computer-generated. 

Within further aspects, methods are provided for screening a candidate 
compound for the ability to modulate classical cadherin-mediated cell adhesion, 
comprising comparing a two-dimensional structure of a candidate agent to a two- 
dimensional structure of a compound identified using a method as described above, 

30 wherein similarity between the structure of the candidate agent and the structure of the 
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compound is indicative of the ability of the candidate agent to modulate classical 
cadherin-mediated cell adhesion. 

Methods are further provided, within other aspects, for identifying a 
compound that modulates classical cadherin-mediated cell adhesion, comprising: (a) 
5 determining a level of similarity between a three-dimensional structure of a candidate 
compound and a three-dimensional structure of a cyclic peptide that comprises the 
sequence His- Ala- Val within a cyclic peptide ring; and (b) identifying an alteration in the 
structure of the candidate compound that results in a three-dimensional structure with an 
increased similarity to the three-dimensional structure of the cyclic peptide. Certain such 

10 methods further comprise a step of identifying a second alteration in the structure of the 
candidate compound that results in a three-dimensional structure with a further increased 
similarity to the three-dimensional structure of the cyclic peptide. The alteration may 
result, for example, in a change in one or more parameters selected from the group 
consisting of hydrophobicity, steric bulk, electrostatic properties, size and bond angle. 

15 The present invention further provides a machine-readable data storage 

medium, comprising a data storage material encoded with a set of NMR derived 
coordinates that define a three-dimensional structure of a cyclic peptide having the formula: 

(YO-C^O-His-Ala-Val-CXi)-^) 
20 | | 

wherein Xi, and X2 are independently selected from the group consisting of amino acid 

residues, with a covalent bond formed between residues Xi and X2; and wherein Yi and 

Y2 are optional and, if present, are independently selected from the group consisting of 
25 amino acid residues and combinations thereof in which the residues are linked by 

peptide bonds. Within certain embodiments, the cyclic peptide is N-Ac-CHAVC-NH? 

(SEQ ID NO: 10), N-Ac -CHAVDC -NH, (SEQ ID NO:20), N-Ac~£H^C.Y-NH 2 

(SEQ ID NO:8 1) or N-Ac -CSHAVC -NHo (SEQ ID NO:36). 

The present invention further provides, within other aspects, methods for 
30 modulating classical cadherin-mediated intercellular adhesion, comprising contacting a 

classical cadherin-expressing cell with a cell adhesion modulating agent that comprises 
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a peptidomimetic having a three-dimensional structure that is substantially similar to a 
three-dimensional structure of a cyclic peptide that comprises the sequence His-AIa-Val 
within a cyclic peptide ring. Certain specific cyclic peptides are as described above. 
Within certain embodiments, the peptidomimetic is a compound having a structure 
5 provided in any one of Figures 11, 13, 15A-15BQ 17A-17J, 18A-18E or 19A-19E, 
21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A-31AL The cell adhesion 
modulating agent may be present within a pharmaceutical composition comprising a 
physiologically acceptable carrier. 

Methods are further provided for reducing unwanted cellular adhesion in 

10 a mammal, comprising administering to a mammal a cell adhesion modulating agent 
that inhibits cadherin-mediated cell adhesion, wherein the modulating agent comprises 
a peptidomimetic having a three-dimensional structure that is substantially similar to a 
three-dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic peptide ring. Certain specific cyclic peptides are as described above. 

15 Within certain embodiments, the peptidomimetic is a compound having a structure 
provided in any one of Figures 11, 13, 15A-15BQ 17A-17J, 18A-18E or 19A-19E, 
21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A-31AI. The cell adhesion 
modulating agent may be present within a pharmaceutical composition comprising a 
physiologically acceptable carrier. The cell adhesion modulating agent may, but need 

20 not, be linked to a targeting agent. 

Within further aspects, methods are provided for enhancing the delivery 
of a drug to a tumor in a mammal, comprising administering to a mammal: (a) a cell 
adhesion modulating agent that inhibits cadherin-mediated cell adhesion, wherein the 
modulating agent comprises a peptidomimetic having a three-dimensional structure that 

25 is substantially similar to a three-dimensional structure of a cyclic peptide that 
comprises the sequence His-Ala-Val within a cyclic peptide ring; and (b) a drug. 
Certain specific cyclic peptides are as described above. Within certain embodiments, 
the peptidomimetic is a compound having a structure provided in any one of Figures 11, 
13, 15A-15BQ 17A-17J, 18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 

30 29A-29Q 31A-31AI. The cell adhesion modulating agent may be present within a 
pharmaceutical composition comprising a physiologically acceptable carrier. The cell 
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agent that inhibits cadherin-mediated cell adhesion, wherein the modulating agent 
comprises a peptidomimetic having a three-dimensional structure that is substantially 
similar to a three-dimensional structure of a cyclic peptide that comprises the sequence 
His-Ala-Val within a cyclic peptide ring. Certain specific cyclic peptides are as 
5 described above. Within certain embodiments, the peptidomimetic is a compound 
having a structure provided in any one of Figures 11, 13, 15A-15BQ 17A-17J, 18A- 
18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A-31AL The 
cell adhesion modulating agent may be present within a pharmaceutical composition 
comprising a physiologically acceptable carrier. The cell adhesion modulating agent 
10 may, but need not, be linked to a targeting agent and/or a drug. 

The present invention further provides methods for enhancing wound 
healing in a mammal, comprising contacting a wound in a mammal with a modulating 
agent that enhances cadherin-mediated cell adhesion, wherein the modulating agent 
comprises a peptidomimetic having a mree-dimensional structure that is substantially 
15 similar to a three-dimensional structure of a cyclic peptide that comprises the sequence 
His-Ala-Val within a cyclic peptide ring. Certain specific cyclic peptides are as 
described above. Within certain embodiments, the peptidomimetic is a compound 
having a structure provided in any one of Figures 11, 13, 15A-15BQ 17A-17J, 18A- 
18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A-31AL The 
20 cell adhesion modulating agent may be present within a pharmaceutical composition 
comprising a physiologically acceptable carrier. The cell adhesion modulating agent 
may, but need not, be linked to a targeting agent and/or a support material. 

Methods are further provided for enhancing adhesion of foreign tissue 
implanted within a mammal, comprising contacting a site of implantation of foreign tissue 
25 in a mammal with a modulating agent that enhances cadherin-mediated cell adhesion, 
wherein the modulating agent comprises a peptidomimetic having a three-dimensional 
structure that is substantially similar to a three-dimensional structure of a cyclic peptide 
that comprises the sequence Hi S -Ala-Val within a cyclic peptide ring. Certain specific 
cyclic peptides are as described above. Within certain embodiments, the peptidomimetic 
30 is a compound having a structure provided in any one of Figures 11, 13, 15A-15BQ 17A- 
17J, 18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A-31AI. 
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adhesion modulating agent may, but need not, be linked to a targeting agent and/or to 
the drug. Tumors include, for example, bladder tumors, ovarian tumors and 
melanomas. Modulating agent may be administered to the tumor or systemically. 

Methods are also provided, within further aspects, for inhibiting the 
development of a cancer in a mammal, comprising administering to a mammal a cell 
adhesion modulating agent that inhibits cadherin-mediated cell adhesion, wherein the 
modulating agent comprises a peptidomimetic having a three-dimensional structure that 
is substantially similar to a three-dimensional structure of a cyclic peptide that 
comprises the sequence His-Ala-Val within a cyclic peptide ring. Certain specific 
cyclic peptides are as described above. Within certain embodiments, the 
peptidomimetic is a compound having a structure provided in any one of Figures 11, 13, 
15A-15BQ 17A-17J, 18A-18E or 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 
29A-29Q 31A-31AI. The cell adhesion modulating agent may be present within a 
pharmaceutical composition comprising a physiologically acceptable carrier. The cell 
adhesion modulating agent may, but need not, be linked to a targeting agent and/or to 
the drug. Cancers include, for example, carcinomas, leukemias and melanomas. 

The present invention further provides methods for inhibiting 
angiogenesis in a mammal, comprising administering to a mammal a modulating agent 
that inhibits cadherin-mediated cell adhesion, wherein the modulating agent comprises 
20 a peptidomimetic having a three-dimensional structure that is substantially similar to a 
three-dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic peptide ring. Certain specific cyclic peptides are as described above. 
Within certain embodiments, the peptidomimetic is a compound having a structure 
provided in any one of Figures 11, 13, 15A-15BQ 17A-17J, 18A-18E or 19A-19E, 
25 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A-31AI. The cell adhesion 
modulating agent may be present within a pharmaceutical composition comprising a 
physiologically acceptable carrier. The cell adhesion modulating agent may, but need 
not, be linked to a targeting agent. Cancers include, for example, carcinomas, 

leukemias and melanomas. 
30 Methods are further provided for enhancing drug delivery to the central 

nervous system of a mammal, comprising administering to a mammal a modulating 
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The cell adhesion modulating agent may be present within a pharmaceutical composition 
comprising a physiologically acceptable carrier. The cell adhesion modulating agent may, 
but need not, be linked to a targeting agent and/or a support material. 

The present invention further provides methods for modulating the 
5 immune system of a mammal, comprising administering to a mammal a cell adhesion 
modulating agent that inhibits cadherin-mediated cell adhesion, wherein the modulating 
agent comprises a peptidomimetic having a three-dimensional structure that is 
substantially similar to a three-dimensional structure of a cyclic peptide that comprises 
the sequence His-Ala-Val within a cyclic peptide ring. Certain specific cyclic peptides 
10 are as described above. Within certain embodiments, the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BQ 17A- 
17J, 18A-18E, 19A-19E, 221A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A- 
31AI The cell adhesion modulating agent may be present within a pharmaceutical 
composition comprising a physiologically acceptable carrier. The cell adhesion 
15 modulating agent may, but need not, be linked to a targeting agent. 

Methods are further provided, within other aspects, for increasing 
vasopermeability in a mammal, comprising administering to a mammal a cell adhesion 
modulating agent that inhibits cadherin-mediated cell adhesion, wherein the modulating 
agent comprises a peptidomimetic having a three-dimensional structure that is 
20 substantially similar to a three-dimensional structure of a cyclic peptide that comprises 
the sequence His-Ala-Val within a cyclic peptide ring. Certain specific cyclic peptides 
are as described above. Within certain embodiments, the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BQ 17A- 
17J, 18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A- 
25 31AL The cell adhesion modulating agent may be present within a pharmaceutical 
composition comprising a physiologically acceptable carrier. 

Within other aspects, the present invention provides methods for treating 
a demyelinating neurological disease, such as multiple sclerosis, in a mammal, 
comprising administering to a mammal: (a) a cell adhesion modulating agent that 
30 inhibits cadherin-mediated cell adhesion, wherein the modulating agent comprises a 
peptidomimetic having a three-dimensional structure that is substantially similar to a 
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three-dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic, peptide ring; and (b) one or more cells capable of replenishing an 
oligodendrocyte population. Certain specific cyclic peptides are as described above. 
Within certain embodiments, the peptidomimetic is a compound having a structure 
5 provided in any one of Figures 11, 13, 15A-15BQ 17A-17J, 18A-18E, 19A-19E, 21A- 
21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A-31AI. The cell adhesion 
modulating agent may be present within a pharmaceutical composition comprising a 
physiologically acceptable carrier. The modulating agent may, but need not, be linked 
to a targeting agent and/or a drug. Suitable cells include, for example, Schwann cells, 

10 oligodendrocyte progenitor cells and oligodendrocytes. 

Methods are further provided, within other aspects, for facilitating 
migration of an N-cadherin expressing cell on astrocytes, comprising contacting an N- 
cadherin expressing cell with: (a) a cell adhesion modulating agent that inhibits 
cadherin-rnediated cell adhesion, wherein the modulating agent comprises a 

15 peptidomimetic having a three-dimensional structure that is substantially similar to a 
three-dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic peptide ring; and (b) one or more astrocytes. Certain specific cyclic 
peptides are as described above. Within certain embodiments, the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BQ 17A- 

20 17J, 18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A- 
31AI. The cell adhesion modulating agent may be present within a pharmaceutical 
composition comprising a physiologically acceptable carrier. The agent may, but need 
not, be linked to a targeting agent. The N-cadherin expressing cells may be, for 
example, a Schwann cell, oligodendrocyte progenitor cell or oligodendrocyte. 

25 The present invention further provides methods for inhibiting synaptic 

stability in a mammal, comprising ad min istering to a mammal a cell adhesion 
modulating agent that inhibits cadherin-rnediated cell adhesion, wherein the modulating 
agent comprises a peptidomimetic having a three-dimensional structure that is 
substantially similar to a three-dimensional structure of a cyclic peptide that comprises 

30 the sequence His-Ala-Val within a cyclic peptide ring. Certain specific cyclic peptides 
are as described above. Within certain embodiments, the peptidomimetic is a 
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compound having a structure provided in any one of Figures 11, 13, 15A-15BQ 17A- 
17J, 1SA-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A- 
31AL The cell adhesion modulating agent may be present within a pharmaceutical 
composition comprising a physiologically acceptable carrier. 
5 Within further aspects, methods are provided for modulating neurite 

outgrowth, comprising contacting a neuron with a modulating agent that comprises a 
peptidomimetic having a three-dimensional structure that is substantially similar to a 
three-dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic peptide ring. Certain specific cyclic peptides are as described above. 

10 Within certain embodiments, the peptidomimetic is a compound having a structure 
provided in any one of Figures 11, 13, 15A-15BQ 17A-17J, 18A-18E, 19A-19E, 21A- 
21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A-31AI. The cell adhesion 
modulating agent may be present within a pharmaceutical composition comprising a 
physiologically acceptable carrier. The agent may, but need not, be linked to a targeting 

15 agent and/or a drug. Neurite outgrowth may, within different embodiments, be 
inhibited or enhanced, and/or may be directed. 

The present invention further provides, within other aspects, methods for 
treating spinal cord injuries in a mammal, comprising administering to a mammal a cell 
adhesion modulating agent that enhances neurite outgrowth, wherein the modulating 

20 agent comprises a peptidomimetic having a three-dimensional structure that is 
substantially similar to a three-dimensional structure of a cyclic peptide that comprises 
the sequence His-Ala-Val within a cyclic peptide ring. Certain specific cyclic peptides 
are as described above. Within certain embodiments, the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BQ 17A- 

25 17J, 18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A- 
31AI. The cell adhesion modulating agent may be present within a pharmaceutical 
composition comprising a physiologically acceptable carrier. The agent may, but need 
not, be linked to a targeting agent and/or a drug. Neurite outgrowth may, within 
different embodiments, be inhibited or enhanced, and/or directed. 

30 Within other aspects, methods are provided for treating macular 

degeneration in a m amm al, comprising administering to a mammal a cell adhesion 
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modulating agent that enhances classical cadherin-mediated cell adhesion, wherein the 
modulating agent comprises a peptidomimetic having a three-dimensional structure that 
is substantially similar to a three-dimensional structure of a cyclic peptide that 
comprises the sequence His-Ala-Val within a cyclic peptide ring. Certain specific 
5 cyclic peptides are as described above. Within certain embodiments, the 
peptidomimetic is a compound having a structure provided in any one of Figures 11, 13, 
15A-15BQ 17A-17J, 18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 
29A-29Q 31A-31AL The cell adhesion modulating agent may be present within a 
pharmaceutical composition comprising a physiologically acceptable carrier. The agent 

10 may, but need not, be linked to a targeting agent and/or a drug. 

Within further aspects, kits are provided for administering a drug via the 
skin of a mammal, comprising: (a) a skin patch; and (b) a cell adhesion modulating agent 
comprising a peptidomimetic having a three-dimensional structure that is substantially 
similar to a three-dimensional structure of a cyclic peptide that comprises the sequence 

15 His-Ala-Val within a cyclic peptide ring. Certain specific cyclic peptides are as described 
above. Within certain embodiments, the peptidomimetic is a compound having a 
structure provided in any one of Figures 11, 13, 15A-15BQ 17A-17J, 18A-18E, 19A- 
19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 3 1 A-3 1 AI. 

Methods are further provided for evaluating a peptidomimetic for the 

20 ability to modulate classical cadherin-mediated cell adhesion. Certain such methods 
comprise: (a) culturing neurons on a monolayer of cells that express N-cadherin in the 
presence and absence of a peptidomimetic, under conditions and for a time sufficient to 
allow neurite outgrowth, wherein the peptidomimetic has a three-dimensional structure 
that is substantially similar to a three-dimensional structure of a cyclic peptide that 

25 comprises the sequence His-Ala-Val within a cyclic peptide ring; (b) determining a 
mean neurite length for said neurons; and (c) comparing the mean neurite length for 
neurons cultured in the presence of peptidomimetic to the neurite length for neurons 
cultured in the absence of the peptidomimetic, and therefrom determining whether the 
peptidomimetic modulates classical cadherin-mediated cell adhesion. 

30 Within further aspects, other such methods comprise: (a) culturing cells 

that express a classical cadherin in the presence and absence of a peptidomimetic, under 
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conditions and for a time sufficient to allow cell adhesion, wherein the peptidomimetic 
has a three-dimensional structure that is substantially similar to a three-dimensional 
structure of a cyclic peptide that comprises the sequence His-Ala-Val within a cyclic 
peptide ring; and (b) visually evaluating the extent of cell adhesion among said cells, 
5 and therefrom identifying a peptidomimetic capable of modulating cell adhesion. The 
cells may be, for example, endothelial, epithelial or cancer cells. 

Still further such methods comprise: (a) culturing NRK cells in the 
presence and absence of a peptidomimetic, under conditions and for a time sufficient to 
allow cell adhesion, wherein the peptidomimetic has a three-dimensional structure that 
10 is substantially similar to a three-dimensional structure of a cyclic peptide that 
comprises the sequence His-Ala-Val within a cyclic peptide ring; and (b) comparing the 
level of cell surface E-cadherin for cells cultured in the presence of the peptidomimetic 
to the level for cells cultured in the absence of the peptidomimetic, and therefrom 
determining whether the peptidomimetic modulates cell adhesion. 
13 Stm fo^er such methods comprise: (a) contacting an epithelial surface 

of skin with a test marker in the presence and absence of a peptidomimetic, wherein the 
peptidomimetic has a three-dimensional structure that is substantially similar to a three- 
dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic peptide ring; and (b) comparing the amount of test marker that passes 
20 through said skin in the presence of the peptidomimetic to the amount that passes 
through skin in the absence of the peptidomimetic, and therefrom determining whether 
the peptidomimetic modulates cell adhesion. 

Within further such aspects, the methods comprise: (a) contacting a 
blood vessel with a peptidomimetic, wherein the peptidomimetic has a three- 
25 dimensional structure that is substantially similar to a three-dimensional structure of a 
cyclic peptide that comprises the sequence His-Ala-Val within a cyclic peptide ring; and 
(b) comparing the extent of angiogenesis of the blood vessel to a predetermined extent 
of angiogenesis observed for a blood vessel in the absence of the peptidomimetic, and 
therefrom determining whether the peptidomimetic modulates cell adhesion. 
30 These other aspects of the invention will become evident upon 

reference to the following detailed description and attached drawings. All references 
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disclosed herein are hereby incorporated by reference in their entirety as if each were 
individually noted for incorporation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagram depicting the structure of classical CADs. The five 

5 extracellular domains are designated EC1-EC5, the hydrophobic domain that 
transverses the plasma membrane (PM) is represented by TM, and the two cytoplasmic 
domains are represented by CP1 and CP2. The calcium binding motifs are shown by 
DXNDN (SEQ ID NO: 8), DXD, LDRE (SEQ ID NO:9), XDXE (SEQ ID NO:79) and 
DVNE (SEQ ID NO:80). The CAR sequence, HAV, is shown within EC1. 

10 Cytoplasmic proteins (3-catenin (P), a-catenin (a) and a-actinin (ACT), which mediate 
the interaction between CADs and microfilaments (MF) are also shown. 

Figure 2 provides the amino acid sequences of mammalian classical 
cadherin EC1 domains: human N-cadherin (SEQ ID NO:l), mouse N-cadherin (SEQ 
ID NO:2), cow N-cadherin (SEQ ID NO:3), human P-cadherin (SEQ ID NO:4), mouse 

15 P-cadherin (SEQ ID NO:5), human E-cadherin (SEQ ID NO:6) and mouse E-cadherin 
(SEQIDNO:7). 

Figures 3A-3I provides the structures of representative cyclic peptides 
comprising a classical cadherin CAR sequence (structures on the left hand side; SEQ ID 
Nos. 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46 and 48), 
20 along with similar, but inactive, structures (on the right; SEQ ID Nos. 11, 13, 15, 17, 19, 
21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47 and 49). 

Figures 4A and 4B illustrate representative backbone modifications that 
may be present within a peptidomimetic. 

Figure 5 illustrates representative unusual amino acids and dipeptide 
25 surrogates that may be incorporated into a peptidomimetic. 

Figure 6 illustrates representative secondary structure mimics that may 
be incorporated into a peptidomimetic. 

Figures 7A-7C depict the high resolution molecular map of the 
pharmacophore of N-Ac-CHAVC-NH 2 (SEQ ID NO:10). The three low energy 
30 conformations whose three dimensional structures most closely mimic the 
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experimentally determined NOESY data are indicated as Structure 1 (Figure 7A), 
Structure 2 (Figure 7B) and Structure 3 (Figure 7C). 

Figures 8A and 8B depict the 3-D conformation of the pharmacophore 
HAV of N-Ac-OiAVC-NH 2 (Figure 8A; SEQ ED NO: 10) compared to the HAV 
5 depicted in the x-ray structures of N-cadherin (Figure 8B). 

Figures 9A-9D depict the four low energy conformations of the high 
resolution molecular map of the pharmacophore of N-Ac-Oc[AVC-Y-NH 2 (SEQ ED 
NO:81). 

Figure 10 depicts the overlap of the 3-D conformation of the 
10 pharmacophore HAV of N-Ac-CHAVC-NH 2 (SEQ ED NO: 10) with the pharmacophore 
HAV ofN-Ac -CHAVC -Y-NH. (SEQ ED NO:8 1). 

Figure 11 depicts structures of representative peptidomimetics 
(compounds 1-3). 

Figure 12A depicts a cyclization scheme based upon the three- 
15 dimensional solution conformation of N-Ac -CHAVC -NH ? (SEQ ID NO: 10) and its 
solution-activity relationships. 

Figure 12B presents the structure of compound 4 and a low energy 
conformation of compound 4 derived from cyclization of a key element of N-Ac- 
CHAVC -NH-> (SEQ ED NO: 10). 

20 Figure 12C presents a comparison of the three dimensional structure of 

the representative peptidomimetic compound 4 with the three dimensional structure of 
the HAV region of N-Ac-£HAVC-NH 2 (SEQ ID NO: 10). 

Figure 12D depicts structures of representative peptidomimetics 
designed by replacing the disulfide bond of N-Ac -CHAVC -NH 7 (SEQ ED NO: 10) with 

25 a thioether bond. 

Figures 13A-13B depict representative peptidomimetics derived from 
library synthesis using hydantoin or oxopiperazine backbones (compounds 5-12). 

Figures 14A-14C illustrate the pharmacophore queries derived from the 
pharmacophore in N-Ac-£HWC-NH 2 (SEQ ED NO: 10), and used in chemical database 
30 searches. Figure 14A depicts the three dimensional structure of the HAV region of N- 
Ac -CHAVC -NH 2 (SEQ ED NO: 10), with distances used in the pharmacophore queries 
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indicated. Figures 14B and 14C depict the five pharmacophore queries derived from 
the pharmacophore in N-Ac -CHAVC -NH? (SEQ ID NO: 10) and used in chemical 
database searches. 

Figures 15A-15BG depict structures of representative non-peptidyl 
5 analogues of N-Ac -CHAVC -NBb (SEQ ID NO: 10) derived from 3D-pharmacophore 
database searching using the pharmacophore queries depicted in Figures 14A-14C 
(compounds 13-282). 

Figure 16 depicts a pharmacophore query derived from the 
pharmacophore in N-Ac-CHAVC-Y-NHa (SEQ ID NO:81) and used in chemical 
10 database searches. 

Figures 17A-17J depict structures of representative non-peptidyl 
analogues of N-Ac-CHMC-Y-NH 2 (SEQ ID NO:81) derived from 3D-pharmacophore 
database searching using the pharmacophore query depicted in Figure 16 (compounds 
283-311). 

15 Figures 18A-18E depict structures of representative non-peptidyl 

analogues of the active compound 35, as identified by a two-dimensional similarity 
search (compounds 312-331). 

Figures 19A-19E depict structures of representative non-peptidyl 
analogues of the active compound 47 5 as identified by a two-dimensional similarity 
20 search (compounds 332-344). 

Figures 20A-20D depict the four low energy conformations of the high 
resolution molecular map of the pharmacophore of N-Ac-CHAVDC-NH 2 (SEQ ID 
NO:20). 

Figures 21A-21N depict further structures of representative non-peptidyl 
25 analogues of N-Ac-CftWC-NH 2 (SEQ ID NO:10) derived from 3D-phamacophore 
database searching using the pharmacophore queries depicted in Figures 14A-14C 
(compounds 345-399). 

Figures 22A-22H depict structures of representative non-peptidyl analogues 
of the active compound 65, as identified by a two-dimensional similarity search. 
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Figures 23A-23F depict structures of representative non-peptidyl 
analogues of the active compound 184, as identified by a two-dimensional similarity 
search (compounds 400-433). 

Figure 24A-24C shows the structures of thioether analogues of N-Ac- 
5 CHAVC -NHV (SEQ ID NO: 1 0). 

Figure 25A depicts the lowest energy conformation of CHhCOHAVP. - 
NH 2 .(SEQIDNO:94). 

Figure 25B depicts the conformation of CH ? COHAVC -NR-, (SEQ ID 
NO:94) with the lowest RMS deviation from solution 3D conformations of N-Ac- 
10 CHAVC-NH 2 (SEQ ID NO: 10) depicted in Figures 7A and 7B. 

Figure 25C depicts the conformation of CHoCOHAVO -NRo (SEQ ID 
NO:94) with the lowest RMS deviation from the solution 3D conformation of N-Ac- 
CHAVC-NH 2 (SEQ ID NO: 10) depicted in Figure 7C. 

Figure 26A depicts the lowest energy conformation of CH 7 COGHAVC - 
15 NH 2 (SEQIDNO:95). 

Figure 26B depicts the conformation of CH->COGHAVr. -NTHo (SEQ ID 
NO:95) with the lowest RMS deviation from solution 3D conformations of N-Ac- 
CHAVC-NH 2 (SEQ ID NO:10) depicted in Figures 7A and 7B. 

Figure 26C depicts the conformation of CHoCOGHAVH -Tsffr. (SEQ ID 
20 NO:95) with the lowest RMS deviation from the solution 3D conformation of N-Ac- 
CHAVC-NH 2 (SEQ ID NO: 10) as depicted in Figure 7C. 

Figure 27A depicts the lowest energy conformation of CHoCQNHAV(% 
NH 2 (SEQ ID NO:96) which also has the lowest RMS deviation from the solution 3D 
conformation of N-Ac-CHAVC-NH 2 (SEQ ID NO: 10) as depicted in Figure 7B. 
25 Figure 27B depicts the conformation of aj 2 CONHAV£-NH 2 (SEQ ID 

NO:96) with the lowest RMS deviation from solution 3D conformations of N-Ac- 
CHAVC-NH 2 (SEQ ID NO: 10) depicted in Figure 7A 

Figure 27C depicts the conformation of CH 2 CONHAVC -NHo (SEQ ID 
NO:96) with the lowest RMS deviation from the solution 3D conformation of N-Ac- 
30 CHAVC-NH 2 (SEQ ID NO: 10) as depicted in Figure 7C. 
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Figure 28 depicts a second pharmacophore query derived from the 
pharmacophore in N-Ac -CHAVC -Y-NH, (SEQ ID NO:81) and used in chemical 
database searches. 

Figure 29A-29G depicts structures of representative non-peptidyl 
5 analogues of N-Ac-CHAYC-Y-NH 2 (SEQ ID NO:8 1) derived from 3D-pharmacophore 
database searching using the pharmacophore query depicted in Figure 25 (compounds 
465-481). 

Figure 30 illustrates the pharmacophore queries derived from the 
pharmacophore in N-Ac- CHAVDC -NH?, (SEQ ID NO:20) and used in chemical 

10 database searches. 

Figures 31A-31AI depict structures of representative non-peptidyl 
analogues of N-Ac-CHAVDC-NH 2 (SEQ ID NO:20) derived from 3D-pharmacophore 
database searching using the pharmacophore queries depicted in Figure 30 (compounds 
482-593). 

15 Figures 32A-32B depict the two low energy conformations of the high 

resolution map of the pharmacophore ofN-Ac-CSHAVC-NH 2 (SEQ IDNO:36). 

DETAILED DESCRIPTION OF THE INVENTION 

As noted above, the present invention provides cell adhesion modulating 
agents comprising peptidomimetics that are capable of modulating classical cadherin- 
20 mediated processes, such as cell adhesion. The peptidomimetics provided herein may 
be peptide or non-peptidyl analogues of cyclic peptides that contain the classical 
cadherin cell adhesion recognition (CAR) sequence HAV (i.e., His-Ala-Val) within the 
peptide ring. Peptidomimetics do not contain the sequence HAV (although a 
peptidomimetic may contain a portion of this sequence), but substantially retain the 
25 three-dimensional conformation of such a cyclic peptide, as well as the ability to 
modulate a classical cadherin-mediated process. 

Certain modulating agents described herein inhibit cell adhesion. Such 
modulating agents may generally be used, for example, to treat diseases or other 
conditions characterized by undesirable cell adhesion or to facilitate drug delivery to a 
30 specific tissue or tumor. Alternatively, certain modulating agents may be used to 
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enhance cell adhesion (e.g., to supplement or replace stitches or to facilitate wound 
healing) or to enhance or direct neurite outgrowth. 

Cyclic Peptides 

Peptidomimetics provided herein are derived from cyclic peptides. Such 
5 cyclic peptides are generally as described in PCT publication WO 98/02452. The term 
"cyclic peptide," as used herein, refers to a peptide or salt thereof that comprises (1) an 
intramolecular covalent bond between two non-adjacent residues and (2) at least one 
classical cadherin cell adhesion recognition (CAR) sequence HAV (His-Ala-Val). The 
intramolecular bond may be a backbone to backbone, side-chain to backbone or side- 
10 chain to side-chain bond (i.e., terminal functional groups of a linear peptide and/or side 
chain functional groups of a terminal or interior residue may be linked to achieve 
cyclization). Preferred intramolecular bonds include, but are not limits to, disulfide, 
amide and thioether bonds. Preferred cyclic peptides for use in designing a 
peptidomimetic satisfy the formula: 

15 

(Yi)-CX 1 )-His-Ala-Val-(X 2 )-(Y 2 ) 
I J 

wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
20 residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yj and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

Within certain embodiments, a cyclic peptide preferably comprises an N- 
25 acetyl group (i.e., the amino group present on the amino terminal residue of the peptide 
prior to cyclization is acetylated) or an N-formyl group (i.e., the amino group present on 
the amino terminal residue of the peptide prior to cyclization is formylated), or the 
amino group present on the amino terminal residue of the peptide prior to cyclization is 
mesylated. It has been found, within the context of the present invention, that the 
30 presence of such terminal groups may enhance cyclic peptide activity for certain 
applications. One particularly preferred cyclic peptide is N-Ac-CilAYC-NI^ (SEQ ID 
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NO: 10). Another preferred cyclic peptide is N-Ac-OiAYC-Y-NH 2 (SEQ ID NO:81), 
and N-Ac -CHAVDC -NH? (SEQ ID NO:20) and N-Ac -CSHAVC -NH? (SEQ ID NO:36) 
are also preferred. Other cyclic peptides include, but are not Umited to: N-Ac- 
CHAVDIC -NH? (SEQ ID NO:50), N-Ac -CHAVDINC -NB? (SEQ ID NO:51), N-Ac- 

5 CHAVDINGC -NH9 (SEQ ID NO:76), N-Ac-CAHAVC-NH 2 (SEQ ID NO:22), N-Ac- 
CAHAVDC-NH? (SEQ ID NO:26), N-Ac -CAHAVDIC -NH, (SEQ ID NO:24), N-Ac- 
CRAHAVDC-NH, (SEQ ID NO:28), N-Ac -CLRAHAVC -NH? (SEQ ID NO:30), N- 
Ac -CLRAHAVDC -NH? (SEQ ID NO:32), , N-Ac -CFSHAVC -NH, (SEQ ID NO:82), 
N-Ac -CLFSHAVC -NH? (SEQ ID NO:83)/N-Ao£HAYS£-NH 2 (SEQ ID NO:38), N- 

10 Ac -CSHAVSC -NB, (SEQ ID NO:40), N-Ac -CSHAVSSC -NB, (SEQ ID NO:42), N- 
Ac -CHAVSSC -NH, (SEQ ID NO:44), N-Ac-KHAVD-NH 2 (SEQ ID NO: 12), N-Ac- 
DHAVK-NH 2 (SEQ ID NO: 14), N-Ac -KHAVE -NH? (SEQ ID NO: 16), N-Ac- 
AHAVDI -NH? (SEQ ID N0.34), N-Ac- SHAVDSS -NH 2 (SEQ ID NO:77), N-Ac- 
KSHAVSSD -NH, (SEQ ID NO:48), N-Ac-OIAVC-S-NH 2 (SEQ ID NO:84), N-Ac-S- 

15 CHAVC -NH-7 (SEQ ID NO:85), N-Ac-OJAVC-SS-NH 2 (SEQ ID NO:86), N-Ac-S- 
CHAVC -S-NH? (SEQ ID NO:87), N-Ac-OiAYC-T-NH 2 (SEQ ID NO:88), N-Ac- 
CHAVC -E-NH? (SEQ ID NO:89), N-Ac-£HAVC-D-NH 2 (SEQ ID NO:90), N-Ac- 
CHAVYC -NH, (SEQ ID NO:91), CH 3 -S0 2 -HN-CHAYC-Y-NH 2 (SEQ ID NO:81; 
formed by mesylation of N-Ac- CHAVC -Y-NH, (SEQ ID NO:81)), CH 3 -S0 2 -HN- 

20 CHAVC -NH? (SEQ ID NO: 10; formed by mesylation of N-Ac- CHAVC -NH? (SEQ ID 
NO: 10)), HC(0)-NH-£HAYC-NH 2 (SEQ ID NO: 10; formed by formylation of N-Ac- 
CHAVC -NH7 (SEQ ID NO: 10)), N-Ac -CHAVPen -NH? (SEQ ID NO:68), N-Ac- 
PenHAVC-NH 2 (SEQ ID NO:92) and N-Ac -CHAVPC -NH>> (SEQ ID NO:93). In the 
foregoing cyclic peptides, the underlined portion is cyclized, "Pen" is penicillamine, 

25 "N-Ac" indicates an acetylated N-terminal amino group, and "NH" indicates the 
terminal amino group in which N is covalently linked to hydrogen. 

In addition to the CAR sequence(s), cyclic peptides generally comprise 
at least one additional residue, such that the size of the cyclic peptide ring ranges from 4 
to about 15 residues, preferably from 5 to 10 residues. Such additional residue(s) may 

30 be present on the N-terminal and/or C-terminal side of a CAR sequence, and may be 
derived from sequences that flank the HAV sequence within one or more naturally 
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occurring cadherins (e.g., N-cadberin, E-cadherin, P-cadherin, R-cadherin or other 
cadherins containing the HAV sequence) with or without amino acid substitutions 
and/or other modifications. Flanking sequences for endogenous N-, E-, P- and R- 
cadherin are shown in Figure 2, and in SEQ ID NOs:l-7. Database accession numbers 
5 for representative naturally occurring cadherins are as follows: human N-cadherin 
M34064, mouse N-cadherin M3 1131 and M22556, cow N-cadherin X53615, human P- 
cadherin X63629, mouse P-cadherin X06340, human E-cadherin Z13009, mouse E- 
cadherin X06115. Alternatively, additional residues present on one or both sides of the 
CAR sequence(s) may be unrelated to an endogenous sequence (e.g., residues that 

10 facilitate cyclization). 

Within certain preferred embodiments, as discussed below, relatively 
small cyclic peptides that do not contain significant sequences flanking the HAV 
sequence are preferred for use in designing peptidomimetics. Such peptides may 
contain an N-acetyl group and a C-amide group (e.g., the 5-residue rings N-Ac- 

15 CHAVC -NH 2 (SEQ ID NO:10), N-Ac- KHAVD -NEk (SEQ ID NO:12), H-C(O)- 
CHAVC-NH2 (SEQ ID NO: 10), CH 3 -S0 2 -NH.OlAVC-NH2 (SEQ ID NO: 10), N-Ac- 
CIWC-Y-NH2 (SEQ ID NO:81), H-C(0>CHLWC-Y-NH 2 (SEQ ID NO:81) or CH 3 - 
SO3-NH- CHAVC -Y-NH0 (SEQ ID NO:8 1)). 

Within other preferred embodiments, a cyclic peptide may contain 

20 sequences that flank the HAV sequence on one or both sides that are designed to confer 
specificity for cell adhesion mediated by one or more specific cadherins, resulting in a 
conformation that provides tissue and/or cell-type specificity. Suitable flanking 
sequences for conferring specificity include, but are not limited to, endogenous 
sequences present in one or more naturally occurring cadherins, and cyclic peptides 

25 having specificity may be identified using the representative screens provided herein. 
For example, it has been found, within the context of the present invention, that cyclic 
peptides that contain additional residues derived from the native E-cadherin sequence 
on the N-terminal side of the CAR sequence are specific for epithelial cells (i.e., such 
peptides disrupt E-cadherin mediated cell adhesion to a greater extent than they disrupt 

30 N-cadherin expression). The addition of appropriate endogenous sequences may 
similarly result in peptides that disrupt N-cadherin mediated cell adhesion. For 
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example, it has been found within the context of the present invention that the addition 
of one or more amino acid residues on the C-terminal side of the HAV sequence in an 
endogenous N-cadherin results in cyclic peptides that are potent inhibitors of neurite 
outgrowth. Peptidomimetics that are designed based on such cyclic peptides may 
5 display the specificity of the base cyclic peptide. 

Cyclic peptides as described herein may comprise residues of L-amino 
acids, D-amino acids, or any combination thereof Amino acids may be from natural or 
non-natural sources, provided that at least one amino group and at least one carboxyl 
group are present in the molecule; a- and P-amino acids are generally preferred. The 

10 20 L-amino acids commonly found in proteins are identified herein by the conventional 
three-letter or one-letter abbreviations indicated in Table 1, and the corresponding D- 
amino acids are designated by a lower case one letter symbol. Cyclic peptides may also 
contain one or more rare amino acids (such as 4-hydroxyproline or hydroxylysine), 
organic acids or amides and/or derivatives of common amino acids, such as amino acids 

15 having the C-terminal carboxylate esterified {e.g., benzyl, methyl or ethyl ester) or 
amidated and/or having modifications of the N-terminal amino group (e.g., acetylation 
or alkoxycarbonylation), with or without any of a wide variety of side-chain 
modifications and/or substitutions (e.g., methylation, benzylation, t-butylation, 
tosylation, alkoxycarbonylation, and the like). Preferred derivatives include amino 

20 acids having an N-acetyl group (such that the amino group that represents the N- 
terminus of the linear peptide prior to cyclization is acetylated) and/or a C-terminal 
amide group (i.e., the carboxy terminus of the linear peptide prior to cyclization is 
amidated). Residues other than common amino acids that may be present with a cyclic 
peptide include, but are not limited to, penicillamine, P,P-tetramethylene cysteine, p,P- 

25 pentamethylene cysteine, p-mercaptopropionic acid, P,P-pentamethylene-p- 
mercaptopropionic acid, 2-mercaptobenzene, 2-mercaptoaniline, 2-mercaptoproline, 
ornithine, diaminobutyric acid, a-aminoadipic acid, m-raminomethylbenzoic acid and 
a,P-diaminopropionic acid. 
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Table 1 

Amino a cid one-letter and three-letter abbreviations 



A 


Ala 


Alanine 


R 


Arg 


Arginine 


D 


Asp 


Aspartic acid 


N 


Asn 


Asparagine 


C 


Cys 


Cysteine 


Q 


Gin 


Glutamine 


E 


Glu 


Glutamic acid 


G 


Gly 


Glycine 


H 


His 


Histidine 


I 


He 


Isoleucine 


L 


Leu 


Leucine 


K 


Lys 


Lysine 


M 


Met 


Methionine 


F 


Phe 


Phenylalanine 


P 


Pro 


Proline 


S 


Ser 


Serine 


T 


Thr 


Threonine 


W 


Tip 


Tryptophan 


Y 


Tyr 


Tyrosine 


V 


Val 


Valine 



Cyclic peptides as described herein may be synthesized by methods well 
25 known in the art, including recombinant DNA methods and chemical synthesis. 
Chemical synthesis may generally be performed using standard solution phase or solid 
phase peptide synthesis techniques, in which a peptide linkage occurs through the direct 
condensation of the cc-amino group of one amino acid with the a-carboxy group of the 
other amino acid with the elimination of a water molecule. Peptide bond synthesis by 
30 direct condensation, as formulated above, requires suppression of the reactive character 
of the a min o group of the first and of the carboxyl group of the second amino acid. The 
masking substituents must permit their ready removal, without inducing breakdown of 
the labile peptide molecule. 
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Id solution phase synthesis, a wide variety of coupling methods and 
protecting groups may be used {see Gross and Meienhofer, eds., "The Peptides: 
Analysis, Synthesis, Biology," Vol. 1-4 (Academic Press, 1979); Bodansky and 
Bodansky, "The Practice of Peptide Synthesis," 2d ed. (Springer Verlag, 1994)). In 

5 addition, intermediate purification and linear scale up are possible. Those of ordinary 
skill in the art will appreciate that solution synthesis requires consideration of main 
chain and side chain protecting groups and activation method. In addition, careful 
segment selection is necessary to minimize racemization during segment condensation. 
In particular, a high percentage of racemization may be observed when residues such as 

10 Phe-Gly are coupled. Such situations are, however, uncommon. Solubility 
considerations are also a factor. 

Solid phase peptide synthesis uses an insoluble polymer for support during 
organic synthesis. The polymer-supported peptide chain permits the use of simple 
washing and filtration steps instead of laborious purifications at intermediate steps. Solid- 

15 phase peptide synthesis may generally be performed according to the method of 
Meirifield et al, J. Am. Chem. Soc. 55:2149, 1963, which involves assembling a linear 
peptide chain on a resin support using protected amino acids. Solid phase peptide 
synthesis typically utilizes either the Boc or Fmoc strategy. The Boc strategy uses a 1% 
cross-linked polystyrene resin. The standard protecting group for a-amino functions is 

20 the tert-butyloxycarbonyl (Boc) group. This group can be removed with dilute solutions 
of strong acids such as 25% trifluoroacetic acid (TFA). The next Boc-amino acid is 
typically coupled to the amino acyl resin using dicyclohexylcarbodiimide (DCC). 
Following completion of the assembly, the peptide-resin is treated with anhydrous HF to 
cleave the benzyl ester link and liberate the free peptide. Side-chain functional groups are 

25 usually blocked during synthesis by benzyl-derived blocking groups, which are also 
cleaved by HF. The free peptide is then extracted from the resin with a suitable solvent, 
purified and characterized. Newly synthesized peptides can be purified, for example, by 
gel filtration, HPLC, partition chromatography and/or ion-exchange chromatography, and 
may be characterized by, for example, mass spectrometry or amino acid sequence 

30 analysis. In the Boc strategy, C-terminal amidated peptides can be obtained using 
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benzhydrylamine or methylbenzhydrylamine resins, which yield peptide amides directly 
upon cleavage with HE 

In the procedures discussed above, the selectivity of the side-chain 
blocking groups and of the peptide-resin link depends upon the differences in the rate of 
5 acidolytic cleavage. Orthoganol systems have been introduced in which the side-chain 
blocking groups and the peptide-resin link are completely stable to the reagent used to 
remove the a-protecting group at each step of the synthesis. The most common of 
these methods involves the 9-fluorenylmethyloxycarbonyl (Fmoc) approach. Within 
this method, the side-chain protecting groups and the peptide-resin link are completely 
10 stable to the secondary amines used for cleaving the N-cc-Fmoc group. The side-chain 
protection and the peptide-resin link are cleaved by mild acidolysis. The repeated 
contact with base makes the Merrifield resin unsuitable for Fmoc chemistry, and p- 
alkoxybenzyl esters linked to the resin are generally used. Deprotection and cleavage 
are generally accomplished using TFA. 
15 Those of ordinary skill in the art will recognize that, in solid phase 

synthesis, deprotection and coupling reactions must go to completion and the side-chain 
blocking groups must be stable throughout the entire synthesis. In addition, solid phase 
synthesis is generally most suitable when peptides are to be made on a small scale. 

Acetylation of the N-terminal can be accomplished by reacting the final 
20 peptide with acetic anhydride before cleavage from the resin. C-amidation is 
accomplished using an appropriate resin such as methylbenzhydrylamine resin using the 
Boc technology. 

Following synthesis of a linear peptide, with or without N-acetylation 
and/or C-amidation, cyclization may be achieved by any of a variety of techniques well 

25 known in the art. Within one embodiment, a bond may be generated between reactive 
amino acid side chains. For example, a disulfide bridge may be formed from a linear 
peptide comprising two thiol-containing residues by oxidizing the peptide using any of a 
variety of methods. Within one such method, air oxidation of thiols can generate 
disulfide linkages over a period of several days using either basic or neutral aqueous 

30 media. The peptide is used in high dilution to minimize aggregation and intermolecular 
side reactions. This method suffers from the disadvantage of being slow but has the 

.- .TT. 
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advantage of only producing H 2 0 as a side product. Alternatively, strong oxidizing 
agents such as I 2 and K 3 Fe(CN)6 can be used to form disulfide linkages. Those of 
ordinary skill in the art will recognize that care must be taken not to oxidize the sensitive 
side chains of Met, Tyr, Trp or IDs. Cyclic peptides produced by this method require 
5 purification using standard techniques, but this oxidation is applicable at acid pHs. By 
way of example, strong oxidizing agents can be used to perform the cyclization shown 
below (SEQ ID NOs:62 and 63), in which the underlined portion is cyclized: 

FmocCysAsp(t-Bu)GlyTyr(t-Bu)ProLys(Boc)Asp(t-Bu)CysLys(t-Bu)Gly-OMe -» 
10 FmocCjBAsp(£BjaGjyj^ ^ 

Oxidizing agents also allow concurrent deprotection/oxidation of 
suitable S-protected linear precursors to avoid premature, nonspecific oxidation of free 
cysteine, as shown below (SEQ ID NOs: 64 and 65), where X and Y = S-Trt or S-Acm: 

15 

BocCys(X)GlyAsnLeuSer(t-Bu)Thr(t-Bu)Cys(Y)MetLeuGlyOH -» 
Bn r.nysrr1vAsnLeuSer<'t-Rn > >Thr<'t-Bu>Cvs MetLeuGlvOH 

DMSO, unlike I 2 and K 3 Fe(CN)6 , is a mild oxidizing agent which does 
20 not cause oxidative side reactions of the nucleopbilic amino acids mentioned above. 
DMSO is miscible with H 2 0 at all concentrations, and oxidations can be performed at 
acidic to neutral pHs with harmless byproducts. Methyltrichlorosilane- 
diphenylsulfoxide may alternatively be used as an oxidizing agent, for concurrent 
deprotection/oxidation of S-Acm, S-Tacm or S-t-Bu of cysteine without affecting other 
25 nucleophilic amino acids. There are no polymeric products resulting from 
intermolecular disulfide bond formation. In the example below (SEQ ID NOs:66 and 
67), X is Acm, Tacm or t-Bu: 

H-Cys(X)TyrIleGlnAsnCys(X)ProLeuGly-NH 2 -» 
30 TT -r,ysTvrIleGlnAsnCvsP roLeuGlv-NH 2 

Suitable thiol-containing residues for use in such oxidation methods 
include, but are not limited to, cysteine, p,p-dimethyl cysteine (penicillamine or Pen), 
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(3,p-tetramethylene cysteine (Tmc), p,P-pentamethylene cysteine (Pmc), 3- 
mercaptopropionic acid (Mpr), P,P-pentamethylene-P-mercaptopropionic acid (Pmp), 
2-mercaptobenzene, 2-mercaptoaniline and 2-mercaptoproline. Peptides containing 
such residues are illustrated by the following representative formulas, in which the 
5 underlined portion is cyclized, N-acetyl groups are indicated by N-Ac and C-terminal 
amide groups are represented by -NH2: 

i) N-Ac -Cvs-His-Ala-Val-Cys -NH^ (SEQIDNO:10) 

10 u) N-Ac -Cvs-Ala-His-Ala-Val-Asp-Ile-Cys -NH, (SEQ ID NO:24) 

iii) N-Ac- Cvs-Ser-His-Ala-Val-Cvs -NHo (SEQ ID NO:36) 

iv) N-Ac -Cvs-His-Ala-Val-Ser-Cvs -NH. (SEQ ID NO:38) 

15 

v) N-Ac -Cvs-Ala-His-Ala-Val-Asp-Cys -NH? (SEQ ID NO :26) 

vi) N-Ac -Cvs-Ser-His-Ala-Val-Ser-Ser-Cys -NHo (SEQ ID NO:42) 
20 vii) N-Ac -Cvs-His-Ala-Val-Ser-Cvs -OH (SEQ ID NO:38) 

viii) H -Cvs-Ala-His-Ala-Val-Asp-Cvs -NH, (SEQ ID NO:26) 

ix) N-Ac -Cvs-His-Ala-Val-Pen -NH-, (SEQ ID NO.68) 

25 

x) N-Ac-Ile -Tmc-Tvr-Ser-His-Ala-Val-Ser-Cvs -Glu-NHo (SEQ ID NO: 69; 

xi) N-Ac-ne -Pmc-Tvr-Ser-His-Ala-Val-Ser-Ser-Cvs -NH-, (SEQ ID NO:70) 
30 xii) Mpr-Tvr-Ser-His-Ala-Val-Ser-Ser-Cvs -NH^ (SEQ ID NO:71) 
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xiii) Pmp-Tvr^Ser-His-Ala-Val-Ser^Ser-Cvs -NH^ (SEQ ID NO:72) 
xii) 

O 




10 

It will be readily apparent to those of ordinary skill in the art that, within 
each of these representative formulas, any of the above thiol-containing residues may 
be employed in place of one or both of the thiol-containing residues recited. 

Within further embodiments, cyclization may be achieved by amide 

15 bond formation. For example, a peptide bond may be formed between terminal 
functional groups (Le. t the amino and carboxy termini of a linear peptide prior to 
cyclization). Two such cyclic peptides are AHAVDI (SEQ ID NO:34) and SHAVSS 
(SEQ ID NO:46), with or without an N-terminal acetyl group and/or a C-terminal 
amide. Within another such embodiment, the linear peptide comprises a D-amino acid 

20 {e.g., HAVsS ; SEQ ID NO:73). Alternatively, cyclization may be accomplished by 
linking one terminus and a residue side chain or using two side chains, as in KHAVD 
(SEQ ID NO: 12) or KSHAVSSD (SEQ ID NO:48), with or without an N-terminal 
acetyl group and/or a C-terminal amide. Residues capable of forming a lactam bond 
include lysine, ornithine (Om), a-amino adipic acid, m-aminomethylbenzoic acid, a,0- 

25 diaminopropionic acid, glutamate or aspartate. 
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Methods for forming amide bonds are well known in the art and are 
based on well established principles of chemical reactivity. Within one such method, 
carbodiimide-mediated lactam formation can be accomplished by reaction of the 
carboxylic acid with DCC, DIC, ED AC or DCCI, resulting in the formation of an O- 
5 acylurea that can be reacted immediately with the free amino group to complete the 
cyclization. The formation of the inactive N-acylurea, resulting from 0->N migration, 
can be circumvented by converting the O-acylurea to an active ester by reaction with an 
N-hydroxy compound such as 1-hydroxybenzotiiazole, 1 -hydroxy succinimide, 1- 
hydroxynorbornene carboxamide or ethyl 2-hydroximino-2-cyanoacetate. In addition 

10 to minimizing O— >N migration, these additives also serve as catalysts during 
cyclization and assist in lowering racemization. Alternatively, cyclization can be 
performed using the azide method, in which a reactive azide intermediate is generated 
from an alkyl ester via a hydrazide. Hydrazinolysis of the terminal ester necessitates 
the use of a t-butyl group for the protection of side chain carboxyl functions in the 

15 acylating component. This limitation can be overcome by using diphenylphosphoryl 
acid (DPPA), which furnishes an azide directly upon reaction with a carboxyl group. 
The slow reactivity of azides and the formation of isocyanates by their 
disproportionate restrict the usefulness of this method. The mixed anhydride method 
of lactam formation is widely used because of the facile removal of reaction by- 

20 products. The anhydride is formed upon reaction of the carboxylate anion with an alkyl 
chloroformate or pivaloyl chloride. The attack of the amino component is then guided 
to the carbonyl carbon of the acylating component by the electron donating effect of the 
alkoxy group or by the steric bulk of the pivaloyl chloride t-butyl group, which 
obstructs attack on the wrong carbonyl group. Mixed anhydrides with phosphoric acid 

25 derivatives have also been successfully used. Alternatively, cyclization can be 
accomplished using activated esters. The presence of electron withdrawing substituents 
on the alkoxy carbon of esters increases their susceptibility to aminolysis. The high 
reactivity of esters of p-nitrophenol, N-hydroxy compounds and polyhalogenated 
phenols has made these "active esters" useful in the synthesis of amide bonds. The last 

30 few years have witnessed the development of benzotriazolyloxytris- 
(dimethylamino)phosphonium hexafluorophosphonate (BOP) and its congeners as 
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advantageous coupling reagents. Their performance is generally superior to that of the 
well established carbodiimide amide bond formation reactions. 

Within a further embodiment, a thioether linkage may be formed 
between the side chain of a thiol-containing residue and an appropriately derivatized a- 

5 amino acid. By way of example, a lysine side chain can be coupled to bromoacetic acid 
through the carbodiimide coupling method (DCC, ED AC) and then reacted with the 
side chain of any of the thiol containing residues mentioned above to form a thioether 
linkage. In order to form dithioethers, any two thiol containing side-chains can be 
reacted with dibromoethane and diisopropylamine in DMF. Examples of thiol- 

10 containing linkages are shown below: 




Cyclization may also be achieved using 5i,5r-Ditryptophan (ie., Ac- 
15 Trp-Glv-Glv-Trp -OMe^) (SEQ ID NO:74), as shown below: 




Representative structures of cyclic peptides are provided in Figure 3. 
20 Within Figure 3, certain cyclic peptides having the ability to modulate cell adhesion 
(shown on the left) are paired with similar inactive structures (on the right). The 
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structures and formulas recited herein are provided solely for the purpose of illustration, 
and are not intended to limit the scope of the cyclic peptides described herein. 

Three-Dimensional Structures of the HAV Pharmacophore 

For designing peptidoniimetics, it is beneficial to obtain a three 
5 dimensional structure for the pharmacophore of one or more cyclic peptides described 
above. The term "pharmacophore" refers to the collection of functional groups on a 
compound that are arranged in three-dimensional space in a manner complementary to 
the target protein, and that are responsible for biological activity as a result of 
compound binding to the target protein. Useful three-dimensional pharmacophore 

10 models are best derived from either crystallographic or nuclear magnetic resonance 
structures of the target, but can also be derived from homology models based on the 
structures of related targets or three-dimensional quantitative structure-activity 
relationships derived from a previously discovered series of active compounds. 

The present invention provides pharmacophores of certain representative 

15 cyclic peptides (i.e., three-dimensional conformations of the classical cadherin CAR 
sequence HAV within such peptides). Such three-dimensional structures provide the 
information required to most efficiently direct the design and optimization of 
peptidomimetics. 

The three-dimensional structures of cyclic peptides may generally be 
20 determined using nuclear magnetic resonance (NMR) techniques that are well known in 
the art. NMR data acquisition is preferably carried out in aqueous systems that closely 
mimic physiological conditions to ensure that a relevant structure is obtained. Briefly, 
NMR techniques use the magnetic properties of certain atomic nuclei (such as ^ 13 C, 
15 N and 31 P), which have a magnetic moment or spin, to probe the chemical 
25 environment of such nuclei. The NMR data can be used to determine distances 
between atoms in the molecule, which can be used to derive a three-dimensional model 
or the molecule. 

For determining three-dimensional structures of cyclic peptides (and 
candidate peptidomimetics, as discussed below) proton NMR is preferably used. More 
30 specifically, when a molecule is placed in a strong magnetic field, the two spin states of 
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the hydrogen atoms are no longer degenerate. The spin aligned parallel to the field will 
have a lower energy and the spin aligned antiparallel to the field will have a higher 
energy. At equilibrium, the spin of the hydrogen atoms will be populated according to 
the Boltzmann distribution equation. This equilibrium of spin populations can be 
5 perturbed to an excited state by applying radio frequency (RF) pulses. When the nuclei 
revert to the equilibrium state, they emit RF radiation that can be measured. The exact 
frequency of the emitted radiation from each nucleus depends on the molecular 
environment of the nucleus and is different for each atom (except for those atoms that 
have the same molecular environment). These different frequencies are obtained 
10 relative to a reference signal and are called chemical shifts. The nature, duration and 
combination of applied RF pulses can be varied greatly and different molecular 
properties can be probed by those of ordinary skill in the art, by selecting an appropriate 
combination of pulses. 

For three-dimensional structure determinations, one-dimensional NMR 
15 spectra are generally insufficient, as limited information pertaining to conformation 
may be obtained. One-dimensional NMR is generally used to verify connectivity 
within a molecule and yields incomplete data concerning the orientation of side chains 
within a peptide: Two-dimensional NMR spectra are much more useful in this respect 
and allow for unambiguous determination of side-chain-to-side-chain interactions and 
20 the conformation of the peptide backbone. 

Two-dimensional NMR spectra are generally presented as a contour plot 
in which the diagonal corresponds to a one-dimensional NMR spectrum and the cross 
peaks off the diagonal result from interactions between hydrogen atoms that are directly 
scalar coupled. Two-dimensional experiments generally contain a preparation period, 
25 an evolution period where spins are "labeled" as they process in the XY plane according 
to their chemical shift, a mixing period, during which correlations are made with other 
spins and a detection period in which a free induction decay is recorded. 

Two-dimensional NMR methods are distinguished by the nature of the 
correlation that is probed during the mixing period. A DQF-COSY (double quantum 
30 filtered correlation spectroscopy) analysis gives peaks between hydrogen atoms that are 
covalently connected through one or two other atoms. Nuclear Overhauser effect 
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spectroscopy (NOESY) gives peaks between pairs of hydrogen atoms that are close 
together in space, even if connected by way of a large number of intervening atoms. In 
total correlation spectroscopy (TOCSY), correlations are observed between all protons that 
share coupling partners, whether or not they are directly coupled to each other. Rotating- 
5 frame Overhauser Spectroscopy (ROESY) experiments may be thought of as the rotating 
frame analogue of NOESY, and yields peaks between pairs of hydrogen atoms that are 
close together in space. One or more such methods may be used, in conjunction with the 
necessary water-suppression techniques such as WATERGATE and water flip-back, to 
determine the three-dimensional structure of a cyclic peptide or candidate peptidomimetic 

10 under aqueous conditions. Such techniques are well known and are necessary to suppress 
the resonance of the solvent (HDO) during acquisition of NMR data. 

By way of example, both TOCSY and NOESY may be applied to 
representative cyclic peptides for the purpose of determining the conformation and the 
assignment. The water solvent resonance may be suppressed by application of the 

15 WATERGATE procedure. A water flipback pulse may also be applied at the end of the 
mixing period for both TOCSY and NOESY experiments to maintain the water signal at 
equilibrium and to minimize the loss of amide proton resonances due to their rapid 
exchange at the near neutral pH conditions (i.e., pH 6.8) used in the experiment. NMR 
data may be processed using spectrometer software using a squared cosine window 

20 function along both directions. Baseline corrections may be applied to the NOESY, 
ROESY and TOCSY spectra using the standard Bruker polynomial method. 

NOESY data may be acquired at several mixing times ranging from 
80ms to 250ms. The shorter mixing time NOESY may be acquired to ensure that no 
diffusion effects were present in the NOESY spectrum acquired at the longer mixing 

25 times. The interproton distances may generally be determined from the 250ms NOESY. 
The sequence-specific assignment of the proton resonances may be determined by 
standard methods (see Wuthrich, NMR of Proteins and Nucleic Acids, Wiley & Sons, 
New York, 1986), making use of both the results of the TOCSY and NOESY data. The 
spin systems of Ala3 and Val4 may be assigned based on the presence of strong NOEs 

30 between the amide protons and the respective side chains in conjunction with the 
relevant TOCSY data. 
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For conformational calculations, the NOE cross peaks may be initially 
converted to a uniform distance upper and lower bounds of 1.8-5.0 
angstroms regardless of the NOE intensities. The NOE distances may be refined 
iteratively through a comparison of computed and experimental NOEs at the various 

5 mixing times. This refinement may be much in the spirit of the PEPFLEX-II procedure 
(Wang et al., Techniques in Protein Chemistry IV, 1993, Evaluation of NMR Based 
Structure Determination for Flexible Peptides: Application to Desmopressin p. 569), 
although preferably initial NOE-based distances with very loose Supper bounds (e.g., 5 
angstroms) are used to permit the generation of a more complete set of conformations in 

10 agreement with experimental data. Dihedral-angle constraints may be derived from the 
values of the 3 JCaH coupling constants. A tolerance value of 40 degrees may be added 
to each of the dihedral angle constraints to account for the conformational flexibility of 
the peptide. Distance geometry calculations may be carried out utilizing fixed bond 
lengths and bond angles provided in the ECEPP/2 database (Ni et al., Biochemistry 

15 37:11551-11557, 2989). The ©-angles are generally fixed at 180 degrees, but all other 
dihedral angles may be varied during structure optimization. 

Structures with the lowest constraint violations may be subjected to 
energy minimization using a distance-restrained Monte Carlo method (Ripoll and Ni, 
Biopolymers 32:359-365, 1992; Ni, J. Magn. Reson. 5706:147-155, 1995), and 

20 modified to include the ECEPP/3 force field (Ni et al., J. Mol Biol 252:656-671, 
1995). All ionizable groups may be treated as charged during constrained Monte Carlo 
minimization of the ECEPP/3 energy. Electrostatic interactions among all charges may 
be screened by use of a distance-dependent dielectric to account for the absence of 
solvent effects in conformational energy calculations. In addition, hydrogen-bonding 

25 interactions can be reduced to 25% of the full scale, while van der Waals and 
electrostatic terms are kept to full strengths. These special treatments help to ensure 
that the conformational search is guided primarily by the experimental NMR constraints 
and that the computed conformations are less biased by the empirical conformational 
energy parameters (Warder et al., FEBSLett. 411:19-26, 1997). 

30 Low-energy conformations of the peptide from Monte Carlo calculations 

may be used in NOE simulations to identify proximate protons with no observable 
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NOEs and sets of distance upper bounds that warrant recalibration. The refined set of 
NOE distances including distance lower bounds derived from absent NOEs are used in 
the next cycles of Monte Carlo calculations, until the resulting conformations produced 
simulate NOE spectra close to those observed experimentally (Ning et al., Biopolymers 
5 34:1125-1137, 1994; Ni et al., J. Mol. Biol. 252:656-671, 1995). Theoretical NOE 
spectra may be calculated using a tumbling correlation time of 1.5 ns based on the 
molecular weight of the peptide and the experimental temperature (Cantor, C. R. and 
Schimmel, P. R. (1980) Biophysical Chemistry, W. H. Freeman & Co., San Francisco). 
All candidate peptide conformations are included with equal weights in an ensemble- 
10 averaged relaxation matrix analysis of interconverting conformations (Ni and Zhu J. 
Magii. Reson. 5702:180-184, 1994). NOE simulations may also incorporate parameters 
to account for the local motions of the methyl groups and the effects of incomplete 
relaxation decay of the proton demagnitizations (Ning et al., Biopolymers 34:1125- 
1137, 1994). The computed NOE intensities are converted to the two-dimensional 
15 FID's (Ni, J. Magn. Reson. B J 06:147-155, 1995) using the chemical shift of 
assignments, estimated linewidths and coupling constants for all resolved proton 
resonances. Calculated FIDs may be converted to simulated NOESY spectra using 
identical processing procedures as used for the experimental NOE data sets. 

The high resolution molecular map of the pharmacophore of N-Ac- 
20 CHAVC -NH 2 (SEQ ID NO: 10) is shown in Figures 7A-7C, each of which depicts one 
of three low energy conformations (Structure 1, Structure 2 and Structure 3). The co- 
ordinates for these three low energy conformations are given in Appendix 1. The 
conformation of HAV in N-Ac -CHAVC -NH, (SEQ ID NO: 10) greatly resembles the 
conformation of the HAV in x-ray crystal structure of N-cadherin (see Figures 8 A and 
25 8B). The high resolution molecular map of the pharmacophore of N-Ac -CHAVC -Y- 
NH 2 (SEQ ID NO:81) is shown in Figures 9A-9D, each of which depicts one of the four 
low energy conformations. The co-ordinates for these four low energy conformations 
are given in Appendix 2. The high resolution molecular map of the pharmacophore of 
N-Ac -CHAVDC -NHz (SEQ ID NO:20) is shown in Figures 20A-20D, each of which 
30 depicts one of the four low energy conformations. The co-ordinates for these low 
energy conformations are given in Appendix 3. The high resolution molecular map of 
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the pharmacophore of N-Ac-CSHAVC-NH 2 (SEQ ID NO:36) is shown in Figures 32A 
and 32B, each of which depicts one of the two low energy conformations. The co- 
ordinates for these low energy conformations are given in Appendix 4. 

PEPTTOOMEMETICS 

5 As noted above, peptidomimetics are compounds in which at least a 

portion of the HAV sequence within a cyclic peptide is modified, such that the three 
dimensional structure of the peptidomimetic remains substantially the same as that of 
the HAV sequence. Peptidomimetics may be peptide analogues that are, themselves, 
cyclic peptides containing one or more substitutions or other modifications within the 
10 HAV sequence. Alternatively, at least a portion of the HAV sequence may be replaced 
with a nonpeptide structure, such that the three-dimensional structure of the cyclic 
peptide is substantially retained. In other words, one, two or three amino acid residues 
within the HAV sequence may be replaced by a non-peptide structure. In addition, 
other peptide portions of the cyclic peptide may, but need not, be replaced with a non- 
15 peptide structure. Peptidomimetics (both peptide and non-peptidyl analogues) may 
have improved properties (e.g., decreased proteolysis, increased retention or increased 
bioavailability). Peptidomimetics generally have improved oral availability, which 
makes them especially suited to treatment of conditions such as cancer. It should be 
noted that peptidomimetics may or may not have similar two-dimensional chemical 
20 structures, but share common three-dimensional structural features and geometry. Each 
peptidomimetic may further have one or more unique additional binding elements. The 
present invention provides methods for identifying peptidomimetics, as well as a series 
of specific peptidomimetics of certain cyclic peptides provided herein. 

All peptidomimetics provided herein have a three-dimensional structure 
25 that is substantially similar to a three-dimensional structure of a cyclic peptide as 
described above. In general, two three-dimensional structures are said to be 
substantially structurally similar to each other if their pharmacophore atomic 
coordinates have a root-mean square deviation (RMSD) less than or equal to 1 
angstrom, as calculated using the Molecular Similarity module within the QUANTA 
30 program (QUANTA, available from Molecular Simulations Inc., San Diego, CA). All 
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peptidomimetics provided herein have at least one low-energy three-dimensional 
structure that is substantially similar to at least one low-energy three-dimensional 
structure of a cyclic peptide as described above. 

Low energy conformations may be identified by conformational energy 
5 calculations using, for example, the CHARMM program (Brooks et al., J. Comput 
Chem. 4: 187-217, 1983). The energy terms include bonded and non-bonded terms, 
including bond length energy, angle energy, dihedral angle energy, Van der Waals 
energy and electrostatic energy It will be apparent that the conformational energy can 
be also calculated using any of a variety of other commercially available quantum 
10 mechanic or molecular mechanic programs. A low energy structure has a 
conformational energy that is within 50 kcal/mol of the global minimum. 

The low energy conformation(s) of candidate peptidomimetics are 
compared to the low energy solution conformations of the cyclic peptide (as determined 
by NMR) to determine how closely the conformation of the candidate mimics that of 
15 the cyclic peptide. In such comparisons, particular attention should be given to the 
locations and orientations of the elements corresponding to the crucial side chains. If at 
least one of the candidate low energy conformations is substantially similar to a solution 
conformation of a cyclic peptide (i.e., differs with a root-mean square deviation 
(RMSD) of 1 angstrom or less), the candidate compound is considered a 
20 peptidomimetic. Within such analyses, low energy conformations of candidate 
peptidomimetics in solution may be studied using, for example, the CHARMM 
molecular mechanics and molecular dynamics program (Brooks et al., J. Comput. 
Chem. 4:187-217, 1983), with the TIP3P water model (Jorgensen et al., J. Chem Phys. 
79: 926-93 5, 1983) used to represent water molecules. The CHARM22 force field may 
25 be used to represent the designed peptidomimetics. 

By way of example, low energy conformations may be identified using a 
combination of two procedures. The first procedure involves a simulated annealing 
molecular dynamics simulation approach. In this procedure, the system (which 
includes the designed peptidomimetics and water molecules) is heated up to above 
30 room temperature, preferably around 600K, and simulated for a period of 100 
picoseconds (ps) or longer; then gradually reduced to 500K and simulated for a period 
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of 100 ps or longer; then gradually reduced to 400K and simulated for a period of 100 
ps or longer; gradually reduced to 300K and simulated for a period of 500 ps or longer. 
The trajectories are recorded for analysis. This simulated annealing procedure is known 
for its ability for efficient conformational search. 
5 The second procedure involves the use of the self-guided molecular 

dynamics (SGMD) method (Wu and Wang, J. Physical Chemistry 702:7238-7250, 
1998). The SGMD method has been demonstrated to have an extremely enhanced 
conformational searching capability. Using the SGMD method, simulation may be 
performed at 300 K for 1000 ps or longer and the trajectories recorded for analysis. 

10 Conformational analysis may be carried out using the QUANTA 

molecular modeling package. First, cluster analysis may be performed using the 
trajectories generated from molecular dynamic simulations. From each cluster, the 
lowest energy conformation may be selected as the representative conformation for this 
cluster and may be compared to other conformational clusters. Upon cluster analysis, 

15 major conformational clusters may be identified and compared to the solution 
conformations of the cyclic peptide(s). The conformational comparison may be carried 
out using the Molecular Similarity module within the QUANTA program. 

Similarity in structure may also be evaluated by visual comparison of the 
three-dimensional structures displayed in a graphical format, or by any of a variety of 

20 computational comparisons. For example, an atom equivalency may be defined in the 
peptidomimetic and cyclic peptide three-dimensional structures, and a fitting operation 
used to establish the level of similarity. As used herein, an "atom equivalency" is a set of 
conserved atoms in the two structures. A "fitting operation" may be any process by 
which a candidate compound structure is translated and rotated to obtain an optimum fit 

25 with the cyclic peptide structure. A fitting operation may be a rigid fitting operation (e.g., 
the cyclic peptide three-dimensional structure can be kept rigid and the three-dimensional 
structure of the peptidomimetic can be translated and rotated to obtain an optimum fit 
with the cyclic peptide). Alternatively, the fitting operation may use a least squares fitting 
algorithm that computes the optimum translation and rotation to be applied to the moving 

30 compound structure, such that the root mean square difference of the fit over the specified 
pairs of equivalent atoms is a minimum. Preferably, atom equivalencies may be 
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established by the user and the fitting operation is performed using any of a variety of 
available software applications (e.g., QUANTA, available from Molecular Simulations 
Inc., San Diego, CA). Three-dimensional structures of candidate compounds for use in 
establishing substantial similarity may be determined experimentally (e.g., using NMR 
5 techniques as described herein or x-ray crystallography), or may be computer-generated 
using, for example, methods provided herein. 

Certain peptidomimetics may be designed, based on the cyclic peptide 
structure. For example, such peptidomimetics may mimic the local topography about the 
cleavable amide bonds (amide bond isosteres). Examples of backbone modifications are 
10 given in Figure 4. These mimetics often match the peptide backbone atom-for-atom, 
while retaining functionality that makes important contacts with the binding sites. Amide 
bond mimetics may also include the incorporation of unusual amino acids or dipeptide 
surrogates (see Figure 5, and other examples in Gillespie et al, Biopolymers 4?: 191-217, 
1997). The conformational^ rigid substructural elements found in these types of 
15 mimetics are believed to result in binding with highly favorable entropic driving forces, 
as compared to the more conformationally flexible peptide linkages. Backbone 
modifications can also impart metabolic stability towards peptidase cleavage relative to 
the parent peptide. Other peptidomimetics may be secondary structure mimi cs Such 
peptidomimetics generally employ non-peptide structures to replace specific secondary 
20 structures, such as p-turns, {3-sheets and a-turns (see Figure 6). 

To design a peptidomimetic, heuristic rules that have been developed 
through experience may be used to systematically modify a cyclic peptide. Within such 
modification, empirical data of various kinds are generally collected throughout an 
iterative refinement process. As noted above, optimal efficiency in peptidomimetic 
25 design requires a three-dimensional structure of the pharmacophore. 

Pharmacophores as provided herein permit structure-based 
peptidomimetic design through, for example, peptide scaffold modification as described 
above. Certain peptidomimetics may be identified through visual inspection of one or 
more pharmacophores, as compared to the N-cadherin HAV conformation. For example, 
30 it is apparent from Figures 8A and 8B that the hydrophobic valine could be replaced with 
unnatural amino acids carrying bulky groups, such as that found in compound 1 (Figure 
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11). This will restrict rotation of the amide bonds and possibly eliminate the need for 
cyclization. Alternatively the hydrophobic valine residue could be incorporated into a 
cyclic rigid structure, such as that found in compounds 2 and 3 (Figure 1 1). 

Peptidomimetics can also be designed based on a visual comparison of a 
5 cyclic peptide pharmacophore with a three-dimensional structure of a candidate 
compound, using knowledge of the structure-activity relationships of the cyclic peptide. 
Structure-activity studies have established important binding elements in the cyclic 
peptides, and have permitted the development of pharmacophore models. 
Peptidomimetics designed in this manner should retain these binding elements. In the 

10 case of N-Ac -CHAVC -NH? (SEQ ID NO: 10), peptidomimetics should have chemical 
groups that mimic the three-dimensional geometry of the side chains of the histidine 
and valine residues. In the case of N-Ac-CH^C-Y-NH 2 (SEQ ID NO:81), 
peptidomimetics should have chemical groups that mimic the three-dimensional 
geometry of the side chains of the histidine, valine and tyrosine residues. 

15 By way of example, analysis of the solution conformations of the N-Ac- 

CHAVC -NH? (SEQ ID NO: 10) indicates that a suitable peptidomimetic may be 
designed based on the cyclization indicated in Figure 12 A. This type of cyclization 
scheme allows the design of peptidomimetic compounds of about half the original 
molecular weight of N-Ac~CH^C-NH 2 (SEQ ID NO: 10) but with all the essential 

20 binding elements of that cyclic peptide. 

Based upon this information, the peptidomimetic compound 4 (Figure 
12B) was designed. Figure 12B also shows one of its low energy conformations. 
Superposition of the low energy conformation of this designed peptidomimetic on one 
of the low energy conformations of N-Ac-CHATC-NH 2 (SEQ ID NO: 10) is given in 

25 Figure 12C. The overlap in terms of the crucial binding elements indicates that 
compound 4 is a peptidomimetic. 

A second set of peptidomimetics may be designed around replacing the 
disulfide bond (-S-S-) with a thioether (-S-CH 2 -C(0)-). The disulfide bond in general is 
not very stable as it can readily be reduced under acidic conditions. Replacing the 

30 disulfide bond with a thioether moiety (-S-CH 2 -C(0)-) can significantly improve the 
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stability of the peptide and therefore the oral availability. Two peptides that were designed 
in this manner, based upon the structure of N-Ac~ -CHAVO NHo r are shown in Figure 12D. 

Molecular modeling studies carried out on N-Ac-CH^C-NH 2 (SEQ ED 
NO: 10) indicated that the solution NMR structures could indeed be predicted using the 
5 QUANTA molecular modeling package and its associated molecular mechanics 
program CHARMM (Brooks, B. R.; Bruccoleri, R. E.; Olafson, B. D.; States, D. J.; 
Swaminathan, S.; Karplus, M. CHARMM: A program for macromolecular energy 
minimi zation and dynamics calculations. J. Comput. Chem. 1983, 4, 187-217), running 
on an SGI workstation with IRIX6.5. A dielectric constant of 80 can be used to simulate 

10 an aqueous environment. These modeling techniques can be used predict the 
conformations (Figures 25A-27C) of the thioethers whose structures are given in 
Figures 24A-24C. It was found that the lowest energy conformation of 
CH 2 CONHAVC-NH 2 (SEQ ID NO:96) also has the lowest RMS deviation from the co- 
ordinates of NMR structure 2 of N-Ac -CHAVC -NH, (SEQ ID NO: 10) NMR Structure 

15 2 is the conformation of N-Ac -CHAVC -NHo (SEQ ID NO: 10) which best mimics the 
HAV sequence in the x-ray structure of the first extracellular domain of N-cadherin. 

As an alternative to design by visual inspection, libraries {e.g., 
containing hydantoin and/or oxopiperazine compounds) may be made using 
combinatorial chemical techniques. Combinatorial chemical technology enables the 

20 parallel synthesis of organic compounds through the systematic addition of defined 
chemical components using highly reliable chemical reactions and robotic 
instrumentation. Large libraries of compounds result from the combination of all 
possible reactions that can be done at one site with all the possible reactions that can be 
done at a second, third or greater number of sites. Combinatorial chemical methods can 

25 potentially generate tens to hundreds of millions of new chemical compounds as 
mixtures, attached to a solid support, or as individual compounds. 

Pharmacophores can be used to facilitate the screening of such chemical 
libraries. For example, instead of producing all possible members of every library 
(resulting in an unwieldy number of compounds), library synthesis can focus on the 

30 library members with the greatest probability of interacting with the target The 
integrated application of structure-based design and combinatorial chemical 
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technologies can produce synergistic improvements in the efficiency of drug discovery. 
By way of example, hydantoin and oxopiperazine libraries may be limited to those 
compounds that involve only the addition of histidine and valine surrogates to the 
hydantoin or oxopiperazine backbone. Some examples of such compounds are 

5 compounds 5-12 (Figures 13A-13B). 

Further peptidomimetics are compounds that appear to be unrelated to 
the original peptide, but contain functional groups positioned on a nonpeptide scaffold 
that serve as topographical mimics. This type of peptidomimetic is referred to herein as 
a "non-peptidyl analogue." Such peptidomimetics may be identified using library 

10 screens of large chemical databases. Such screens use the three-dimensional 
conformation of a pharmacophore to search such databases in three-dimensional space. 
A single three-dimensional structure may be used as a pharmacophore model in such a 
search. Alternatively, a pharmacophore model may be generated by considering the 
crucial chemical structural features present within multiple three-dimensional 

15 structures. Crucial chemical structural features of the classical cadherin HAV sequence 
include the His and Val residues, which are believed to participate in the interactions 
between one cadherin molecule and another. Without wishing to be bound by any 
particular theory, the side chain of the His residue is believed to form a number of 
hydrogen bonds and the Val residue is believed to interact hydrophobically with the 

20 adhesive surface. In the development of a pharmacophore model, these two crucial 
residues should be represented by appropriate chemical groups. For example the 
imidazole ring of histidine could be represented by any of its bioisosteres, which might 
include triazole, * pyrazole, thiatriazole, triazolone, benzoxadiazole, pyrazine, 
pyrimidine, oxadiazole, tetraazole, aminopyridine, triazine, benzodioxole, benzodiazole 

25 or benzoxadiazole. Similarly valine could be replaced by any hydrophobic residue such 
as ferf-butyL, cyclopentane, cyclohexane, any substituted phenyl, any substituted 
naphthalene or any substituted aromatic. 

Any of a variety of databases of three-dimensional structures may be used 
for such searches. A database of three-dimensional structures may be prepared by 

30 generating three-dimensional structures of a database of compounds, and storing the 
three-dimensional structures in the form of data storage material encoded with machine- 
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readable data. The three-dimensional structures can be displayed on a machine capable 
of displaying a graphical three-dimensional representation and programmed -with 
instructions for using the data. Within preferred embodiments, three-dimensional 
structures are supplied as a set of coordinates that define the three-dimensional structure. 
5 Preferably, the 3D-database contains at least 100,000 compounds, with 

small, non-peptidyl molecules having relatively simple chemical structures particularly 
preferred. It is also important that the 3D co-ordinates of the compounds in the 
database be accurately and correctly represented. The National Cancer Institute (NCI) 
3D-database (Milne et al., J. Chem. Inf. Comput. Sci. 34:1219-1224, 1994) and the 
10 Available Chemicals Directory (ACD; available from MDL Information Systems, San 
Leandro, CA) are two excellent databases that can be used to generate a database of 
three-dimensional structures, using molecular modeling, as discussed above. For 
flexible molecules, which can have several low-energy conformations, it is desirable to 
store and search multiple conformations. The Chem-X program (Oxford Molecular 
15 Group PLC; Oxford UK) is capable of searching thousands or even millions of 
conformations for a flexible compound. This capability of Chem-X provides a real 
advantage in dealing with compounds that can adopt multiple conformations. Using 
this approach, although the NCI-3D database presently contains a total of 465,000 
compounds, hundreds of millions of conformations can be searched in a 3D- 
20 pharmacophore searching process. 

The Available Chemical Database presently contains 255,153 unique 
chemicals from 543 supplier catalogues. The ACD database contains about 50,000 
compounds that are known drugs. To facilitate pharmacophore searching, the entire 
ACD database was converted into 3-D conformations, as described above, which can be 
25 searched using the Chem-X program 

A pharmacophore search typically involves three steps. The first step is 
the generation of a pharmacophore query. Such queries may be developed from an 
evaluation of critical distances in the three dimensional structure of a cyclic peptide. 
Certain such critical distances are indicated in Figure 14A, which shows two examples 
30 of distances obtained from low energy conformations of N-Ac-CHAYC-NH 2 (SEQ ID 
NO: 10). Critical features of these conformations are the nitrogen atoms on the 
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imidazole ring and the hydrophobic portion of the valine residue. In one low energy 
conformation, the distance dl is 9.4 angstroms, d2 is 9.2 angstroms and d3 is 2.2 
angstroms. In another low energy conformation, d4 is 7.5 angstroms, d5 is 7.0 
angstroms and d6 is 2.2 angstroms. Specific pharmacophore queries that were 
5 developed for N-Ac-CHAVC-NH 2 (SEQ ID NO: 10) are provided in Figures 14B and 
14C. Figures 16 and 28 depict pharmacophore queries that were developed for N-Ac- 
CHAVC -Y-NH?. (SEQ ID NO:81). Figure 30 illustrates the pharmacophore queries 
derived from the pharmacophore in N-Ac-CHAVPC-NH 2 (SEQ ID NO:20). Using the 
pharmacophore query of interest, a distance bit screening is performed on the database 
10 to identify compounds that fulfill the required geometrical constraints. In other words, 
compounds that satisfy the specified critical pair-wise distances are identified. After a 
compound passed the distance bit screening step, the program next checks whether the 
compound meets the substructure requirements as specified in the pharmacophore 
query. After a compound passes this sub-structural check, it is finally subjected to a 
15 conformational analysis. In this step, conformations are generated and evaluated with 
regard to geometric requirements specified in the pharmacophore query. Compounds 
that have at least one conformation satisfying the geometric requirements, are 
considered as 'hits' and are recorded in a result database. 

Representative compounds identified using such searches are presented 
20 herein in Figures 15A-15BG (compounds 13-282) and Figures 17A-17J (compounds 
283-311), Figures 18A-18E (compounds 312-331) and Figures 19A-19E (compounds 
332-334), Figures 21A-21N, 29A-29Q and 31A-31AI (compounds 345-399, 465-481, 
482-593). While these compounds satisfy the requirements for three-dimensional 
similarity, it will be apparent to those of ordinary skill in the art that further biological 
25 testing may be used to select compounds with optimal activity. It will further be 
apparent that other criteria may be considered when selecting specific compounds for 
particular applications, such as the simplicity of the chemical structure, low molecular 
weight, chemical structure diversity and water solubility. The application of such 
criteria is well understood by medicinal, computational and structural chemists. 
30 It will be apparent that a compound structure may be optimized using 

screens as provided herein. Within such screens, the effect of specific alterations of a 
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candidate compound on three-dimensional structure may be evaluated, in order to optimize 
three-dimensional similarity to a cyclic peptide. Such alterations include, for example, 
changes in hydrophobicity, steric bulk, electrostatic properties, size and bond angle. 

Biological testing of candidate compounds may be used to confirm 
5 peptidomimetic activity. In general, peptidomimetics should function in a substantially 
similar manner as a stracturally similar cyclic peptide. In other words, a 
peptidomimetic of the cyclic peptide N-Ac -CHAVC -NH 7 (SEQ ID NO:10)'should bind 
to a classical cadherin with an affinity that is at least half the affinity of the cyclic 
peptide N-Ac-CHAVC-NH 2 (SEQ ID NO: 10), as measured using standard binding 
10 assays. Further, a peptidomimetic of the cyclic peptide N-Ac-C£AV£-NH 2 (SEQ ID 
NO: 10) should modulate a classical cadherin-mediated function using a representative 
assay provided herein at a level that is at least half the level of modulation achieved 
using N-Ac-CHAVC-NH 2 (SEQ ID NO: 1 0). 

Once an active peptidomimetic has been identified, related analogues may 
15 be identified using two-dimensional similarity searching. Such searching may be 
performed, for example, using the program ISIS Base (Molecular Design Limited). Two- 
dimensional similarity searching permits the identification of other available, closely 
related compounds, which may be readily screened to optimize biological, activity. Such 
searching was used to identify compounds that are structurally similar to compounds 35 
20 and 47. The identified compounds are presented in Figures 18A-18E and 19A-19E, 
respectively. Such searching was also used to identify compounds that are structurally 
similar to compounds 65 and and 184. The identified compounds are presented in 
Figures 22A-22H and 23A-23F, respectively (compounds 434-464 and 400-433). 

Cell Adhesion Modulating Agents 

25 The tenn " ceU - adhesion modulating agent," as used herein, refers to a 

molecule comprising at least one peptidomimetic of a cyclic peptide that contains the 
classical cadherin cell adhesion recognition (CAR) sequence HAV (His-Ala-Val). As 
noted above, multiple peptidomimetics may be present within a modulating agent. 
Further, additional CAR sequences (specifically bound by an adhesion molecule) may 

30 be included within a modulating agent. As used herein, an "adhesion molecule" is any 
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molecule that mediates cell adhesion via a receptor on the cell's surface. Adhesion 
molecules include members of the cadherin gene superfamily that are not classical 
cadherins (e.g., proteins that do not contain an HAV sequence and/or one or more of the 
other characteristics recited above for classical cadherins), such as desmogleins (Dsg) 
5 and desmocollins (Dsc); integrins; members of the immunoglobulin supergene family, 
such as N-CAM; and other uncategorized transmembrane proteins, such as occludin, as 
well as extracellular matrix proteins such as laminin, fibronectin, collagens, vitronectin, 
entactin and tenascin. Preferred CAR sequences for inclusion within a modulating 
agent include (a) Arg-Gly-Asp (RGD), which is bound by integrins (see Cardarelli et 
10 al., J. Biol. Chem. 267:23159-64, 1992); (b) Tyr-Ile-Gly-Ser-Arg (YIGSR; SEQ ID 
NO:52), which is bound by a601 integrin; (c) KYSFNYDGSE (SEQ ID NO:53), which 
is bound by N-CAM; (d) the N-CAM heparin sulfate-binding site 
IWKHKGRDVILKKDVRF (SEQ ID NO: 54); (e) the occludin CAR sequence LYHY 
(SEQ ID NO:55); (f) claudin CAR sequences comprising at least four consecutive 
15 amino acids present within a claudin region that has the formula: Trp-Lys/Arg-Aaa- 
Baa-Ser/Ala-Tyr/Phe-Caa-Gly (SEQ ID NO:56), wherein Aaa, Baa and Caa indicate 
independently selected amino acid residues; Lys/Arg is an amino acid that is lysine or 
arginine; Ser/Ala is an amino acid that is serine or alanine; and Tyr/Phe is an amino acid 
that is tyrosine or phenylalanine; and (g) nonclassical cadherin CAR sequences 
20 comprising at least three consecutive amino acids present within a nonclassical cadherin 
region that has the formula: Aaa-Phe-Baa-Ue/LeuA^l-Asp/Asn/Glu-Caa-Daa- 
Ser/Thr/Asn-Gly (SEQ ID NO: 57), wherein Aaa, Baa, Caa and Daa are independently 
selected amino acid residues; Ile/Leu/Val is an amino acid that is selected from the 
group consisting of isoleucine, leucine and valine, Asp/Asn/Glu is an amino acid that is 
25 selected from the group consisting of aspartate, asparagine and glutamate; and 
Ser/Thr/Asn is an amino acid that is selected from the group consisting of serine, 
threonine or asparagine. Representative claudin CAR sequences include IYSY (SEQ 
ID NO:58), TSSY (SEQ ID NO:59), VTAF (SEQ ID NO:60) and VSAF (SEQ ID 
NO:61). Representative nonclassical cadherin CAR sequences include the VE-cadherin 
30 (cadherin-5) CAR sequence DAE; the cadherin-6 CAR sequences EEY, NEN, ESE and 
DSG; the cadherin-7 CAR sequences DEN, EPK and DAN; the cadherin-8 CAR 
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sequences EEF and NDV; the OB-cadherin (cadherin-11) CAR sequences DDK, EEY 
and EAQ; the cadherin-12 CAR sequences DET and DPK; the cadberin-14 CAR 
sequences DDT, DPK and DAN; the cadherin-15 CAR sequences DKF and DEL; the 
PB-cadherin CAR sequences EEY, DEL, DPK and DAD; the protocadherin CAR 
5 sequences DLV, NRD, DPK and DPS; the dsg CAR sequences NQK, NRN and NKD; 
the dsc CAR sequences EKD and ERD and the cadherin-related neuronal receptor CAR 
sequences DPV, DAD, DSV, DSN, DSS, DEK and NEK. 

Linkers may, but need not, be used to separate CAR sequences, 
peptidomimetics and/or antibody sequences within a modulating agent. Linkers may 
10 also, or alternatively, be used to attach one or more modulating agents to a support 
molecule or material, as described below. A linker may be any molecule (including 
peptide and/or non-peptide sequences as well as single amino acids or other molecules), 
that does not contain a CAR sequence and that can be covalently linked to at least two 
peptide sequences and/or peptidomimetics. Using a linker, peptidomimetics and other 
15 peptide or protein sequences may be joined in a variety of orientations. 

Linkers preferably produce a distance between CAR sequences and/or 
peptidomimetics between 0.1 to 10,000 nm, more preferably about 0.1-400 nm. A 
separation distance between recognition sites may generally be determined according to 
the desired function of the modulating agent. For inhibitors of cell adhesion, the linker 
20 distance should be small (0.1-400 nm). For enhancers of cell adhesion, the linker 
distance should be 400-10,000 nm. One linker that can be used for such purposes is 
(H 2 N(CH2)nC0 2 H) in , or derivatives thereof, where n ranges from 1 to 10 and m ranges 
from 1 to 4000. For example, if glycine (H 2 NCH 2 C0 2 H) or a multimer thereof is used 
as a linker, each glycine unit corresponds to a linking distance of 2.45 angstroms, or 
25 0.245 nm, as determined by calculation of its lowest energy conformation when linked 
to other amino acids using molecular modeling techniques. Similarly, aminopropanoic 
acid corresponds to a linking distance of 3.73 angstroms, aminobutanoic acid to 4.96 
angstroms, aminopentanoic acid to 6.30 angstroms and amino hexanoic acid to 6.12 
angstroms. Other linkers that may be used will be apparent to those of ordinary skill in 
30 the art and include, for example, linkers based on repeat units of 2,3-diaminopropanoic 
acid, lysine and/or ornithine. 2,3-Diaminopropanoic acid can provide a linking distance 
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of either 2.51 or 3.11 angstroms depending on whether the side-chain amino or terminal 
amino is used in the linkage. Similarly, lysine can provide linking distances of either 
2.44 or 6.95 angstroms and ornithine 2.44 or 5.61 angstroms. Peptide and non-peptide 
linkers may generally be incorporated into a modulating agent using any appropriate 
5 method known in the art. 

Modulating agents that inhibit cell adhesion may contain one or more 
peptidomimetics, provided that such peptidomimetics are adjacent to one another (i.e., 
without intervening sequences) or in close proximity (i.e., separated by peptide and/or 
non-peptide linkers to give a distance between the peptidomimetics that ranges from 
10 about 0.1 to 400 nm). It will be apparent that other CAR sequences, as discussed 
above, may also be included. Such modulating agents may generally be used within 
methods in which it is desirable to simultaneously disrupt cell adhesion mediated by 
multiple adhesion molecules. Within certain preferred embodiments, an additional 
CAR sequence is derived from fibronectin and is recognized by an integrin (i.e., RGD; 
15 see Cardarelli et al., X Biol. Chem, 257:23159-23164, 1992), oris an occludin CAR 
sequence (e.g., LYHY; SEQ ID NO:55). One or more antibodies, or fragments thereof, 
may similarly be used within such embodiments. 

Modulating agents that enhance cell adhesion may contain multiple 
peptidomimetics joined by linkers as described above. Enhancement of cell adhesion 
20 may also be achieved by attachment of multiple modulating agents to a support 
molecule or material, as discussed further below. Such modulating agents may 
additionally comprise one or more CAR sequence for one or more different adhesion 
molecules (including, but not limited to, other CAMs) and/or one or more antibodies or 
fragments thereof that bind to such sequences, to enhance cell adhesion mediated by 
25 multiple adhesion molecules. 

As noted above, a modulating agent may consist entirely of one or more 
peptidomimetics, or may contain additional peptide and/or non-peptide components. 
Peptide portions may be synthesized as described above or may be prepared using 
recombinant methods. Within such methods, all or part of a modulating agent can be 
30 synthesized in living cells, using any of a variety of expression vectors known to those 
of ordinary skill in the art to be appropriate for the particular host cell. Suitable host 
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cells may include bacteria, yeast cells, mammalian cells, insect cells, plant cells, algae 
and other animal cells (e.g., hybridoma, CHO, myeloma). The DNA sequences 
expressed in this manner may encode portions of an endogenous cadherin or other 
adhesion molecule. Such sequences may be prepared based on known cDNA or 
5 genomic sequences (see Blaschuk et al., J. Mol. Biol. 277:679-682, 1990), or from 
sequences isolated by screening an appropriate library with probes designed based on 
the sequences of known cadherins. Such screens may generally be performed as 
described in Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor Laboratories, Cold Spring Harbor, NY, 1989 (and references cited therein). 
10 Polymerase chain reaction (PCR) may also be employed, using oligonucleotide primers 
in methods well known in the art, to isolate nucleic acid molecules encoding aUora 
portion of an endogenous adhesion molecule. To generate a nucleic acid molecule 
encoding a peptide portion of a modulating agent, an endogenous sequence may be 
modified using well known techniques. Alternatively, portions of the desired nucleic 
15 acid sequences may be synthesized using well known techniques, and then ligated 
together to form a sequence encoding a portion of the modulating agent. 

As noted above, a modulating agent may comprise an antibody, or 
antigen-binding fragment thereof, that specifically binds to a CAR sequence. As used 
herein, an antibody, or antigen-binding fragment thereof is said to "specifically bind" to 
20 a CAR sequence (with or without flanking amino acids) if it reacts at a detectable level 
(within, for example, an ELISA as described by Newton et al., Develop. Dynamics 
197:1-13, 1993) with a peptide containing that sequence, and does not react detectably 
with peptides containing a different CAR sequence or a sequence in which the order of 
amino acid residues in the cadherin CAR sequence and/or flanking sequence is altered. 
25 Antibodies and fragments thereof may be prepared using standard 

techniques. See, e.g., Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring 
Harbor Laboratory, 1988. In one such technique, an immunogen comprising a CAR 
sequence is initially injected into any of a wide variety of mammals (e.g., mice, rats, 
rabbits, sheep or goats). Small immunogens (i.e., less than about 20 amino acids) 
30 should be joined to a carrier protein, such as bovine serum albumin or keyhole limpet 
hemocyanin. Following one or more injections, the animals are bled periodically. 
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Polyclonal antibodies specific for the CAR sequence may then be purified fiom such 
antisera by, for example, affinity chromatography using the modulating agent or 
antigenic portion thereof coupled to a suitable solid support. 

Monoclonal antibodies specific for a CAR sequence may. be prepared, for 
example, using the technique of Kohler and Milstein, Eur. J. Immunol 5:511-519, 1976, 
and improvements thereto. Briefly, these methods involve the preparation of immortal 
cell lines capable of producing antibodies having the desired specificity from spleen cells 
obtained from an animal immunized as described above. The spleen cells are 
immortalized by, for example, fusion with a myeloma cell fusion partner, preferably one 
that is syngeneic with the immunized animal. Single colonies are selected and their 
culture supernatants tested for binding activity against the modulating agent or antigenic 
portion thereof. Hybridomas having high reactivity and specificity are preferred. 

Monoclonal antibodies may be isolated from the supernatants of growing 
hybridoma colonies; with or without the use of various techniques known in the art to 
15 enhance the yield. Contaminants may be removed from the antibodies by conventional 
techniques, such as chromatography, gel filtration, precipitation, and extraction. 
Antibodies having the desired activity may generally be identified using 
immunofluorescence analyses of tissue sections, cell or other samples where the target 

cadherin is localized. 

Within certain embodiments, monoclonal antibodies may be specific for 
particular cadherins (e.g., the antibodies bind to E-cadherin, but do not bind 
significantly to N-cadherin, or vise versa). Such antibodies may be prepared as 
described above, using an immunogen that comprises (in addition to the HAV sequence) 
sufficient flanking sequence to generate the desired specificity (e.g., 5 amino acids on 
25 each side is generally sufficient). One representative immunogen is the 15-mer 
FHLRAHAVDINGNQV-NH 2 (SEQ ID NO:75), linked to KLH (see Newton et al., Dev. 
Dynamics W:\-\3, 1993). To evaluate the specificity of a particular antibody, 
representative assays as described herein and/or conventional antigen-binding assays 
may be employed. Such antibodies may generally be used for therapeutic, diagnostic 
30 and assay purposes, as described herein. For example, such antibodies may be linked to 



20 
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a drug and administered to a mammal to target the drug to a particular cadherin- 
expressing cell, such as a leukemic cell in the blood. 

Within certain embodiments, the use of antigen-binding fragments of 
antibodies may be preferred. Such fragments include Fab fragments, which may be 
5 prepared using standard techniques. Briefly, immu noglobulins may be purified from 
rabbit serum by affinity chromatography on Protein A bead columns (Harlow and Lane, 
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, 1988; see 
especially page 309) and digested by papain to yield Fab and Fc fragments. The Fab 
and Fc fragments may be separated by affinity chromatography on protein A bead 
10 columns (Harlow and Lane, 1988, pages 628-29). 

Evaluation of Modulating Agent Activity 

As noted above, peptidomimetics and modulating agents are capable of 
modulating (i.e., enhancing or inhibiting) classical cadherin-mediated cell adhesion. 
The ability of a modulating agent to modulate cell adhesion may generally be evaluated 

15 in vitro by assaying the effect on one or more of the following: (1) neurite outgrowth, 
(2) adhesion between endothelial cells, (3) adhesion between epithelial cells (e.g., 
normal rat kidney cells and/or human skin) and/or (4) adhesion between cancer cells. In 
general, a modulating agent is an inhibitor of cell adhesion if, within one or more of 
these representative assays, contact of the test cells with the modulating agent results in 

20 a discernible disruption of cell adhesion. Modulating agents that enhance cell adhesion 
are considered to be modulators of cell adhesion if they are capable of enhancing 
neurite outgrowth as described below and/or are capable of promoting cell adhesion, as 
judged by plating assays to assess epithelial cell adhesion to a modulating agent 
attached to a support material, such as tissue culture plastic. For modulating agents that 

25 affect N-cadherin mediated functions, assays involving endothelial or cancer cell 
adhesion or neurite outgrowth are preferred. 

Within a representative neurite outgrowth assay, neurons may be 
cultured on a monolayer of cells (e.g., 3T3) that express N-cadherin. Neurons grown on 
such cells (under suitable conditions and for a sufficient period of time) extend longer 

30 neurites than neurons cultured on cells that do not express N-cadherin. For example, 
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neurons may be cultured on monolayers of 3T3 cells transfected with cDNA encoding 
N-cadherin essentially as described by Doherty and Walsh, Curr. Op. NeurobioL 4:49- 
55, 1994; Williams et al., Neuron 73:583-594, 1994; Hall et al, Cell Adhesion and 
Commun. 3:441-450, 1996; Doherty and Walsh, Mol Cell Neurosci. 5:99-111, 1994; 
5 and Safell et al., Neuron 75:231-242, 1997. Briefly, monolayers of control 3T3 
fibroblasts and 3T3 fibroblasts that express N-cadherin may be established by overnight 
culture of 80,000 cells in individual wells of an 8-cbamber well tissue culture slide. 
3000 cerebellar neurons isolated from post-natal day 3 mouse brains may be cultured 
for 18 hours on the various monolayers in control media (SATO/2%FCS), or media 

10 supplemented with various concentrations of the modulating agent or control peptide. 
The cultures may then be fixed and stained for GAP43, which specifically binds to the 
neurons and their neurites. The length of the longest neurite on each GAP43 positive 
neuron may be measured by computer assisted morphometry. 

A modulating agent that modulates N-cadherin-mediated cell adhesion 

15 may inhibit or enhance such neurite outgrowth. Under the conditions described above, 
the presence of 500 |uig/mL of a modulating agent that disrupts neural cell adhesion 
should result in a decrease in the mean neurite length by at least 50%, relative to the 
length in the absence of modulating agent or in the presence of a negative control peptide. 
Alternatively, the presence of 500 ^ig/mL of a modulating agent that enhances neural cell 

20 adhesion should result in an increase in the mean neurite length by at least 50%. 

Within one representative cell adhesion assay, the addition of a 
modulating agent to cells that express a cadherin results in disruption of cell adhesion. 
A "cadherin-expressing cell," as used herein, may be any type of cell that expresses at 
least one cadherin on the cell surface at a detectable level, using standard techniques 

25 such as immunocytochemical protocols (Blaschuk and Farookhi, Dev. Biol 1 36:564- 
567, 1989). Cadherin-expressing cells include endothelial (e.g., bovine pulmonary 
artery endothelial cells), epithelial and/or cancer cells (e.g., the human ovarian cancer 
cell line SKOV3 (ATCC #HTB-77)). For example, such cells may be plated under 
standard conditions that permit cell adhesion in the presence and absence of modulating 

30 agent (e.g., 500 M-g/mL). Disruption of cell adhesion may be determined visually within 
24 hours, by observing retraction of the cells from one another. 
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For use within one such assay, bovine pulmonary artery endothelial cells 
may be harvested by sterile ablation and digestion in 0.1% collagenase (type II; 
Worthington Enzymes, Freehold, NJ). Cells may be maintained in Dulbecco's 
minimum essential medium supplemented with 10% fetal calf serum and 1% antibiotic- 
5 antimycotic at 37°C in 7% CO2 in air. Cultures may be passaged weekly in trypsin- 
EDTA and seeded onto tissue culture plastic at 20,000 cells/cm 2 . Endothelial cultures 
may be used at 1 week in culture, which is approximately 3 days after culture 
confluency is established. The cells may be seeded onto coverslips and treated (e.g., for 
30 minutes) with modulating agent or a control compound at, for example, 500jxg/ml 

10 and then fixed with 1% paraformaldehyde. As noted above, disruption of cell adhesion 
may be determined visually within 24 hours, by observing retraction of the cells from 
one another. This assay evaluates the effect of a modulating agent on N-cadherin 
mediated cell adhesion. 

Within another such assay, the effect of a modulating agent on normal rat 

15 kidney (NRK) cells may be evaluated. According to a representative procedure, NRK 
cells (ATCC #1571-CRL) may be plated at 10 - 20,000 cells per 35mm tissue culture 
flasks containing DMEM with 10% FCS and sub-cultured periodically (Laird et al., J. 
Cell Biol 737:1193-1203, 1995). Cells may be harvested and replated in 35mm tissue 
culture flasks containing 1 mm coverslips and incubated until 50-65% confluent (24-36 

20 hours). At this time, coverslips may be transferred to a 24-well plate, washed once with 
fresh DMEM and exposed to modulating agent at a concentration of, for example, 
lmg/mL for 24 hours. Fresh modulating agent may then be added, and the cells left for 
an additional 24 hours. Cells may be fixed with 100% methanol for 10 minutes and then 
washed three times with PBS. Coverslips may be blocked for 1 hour in 2% BSA/PBS 

25 and incubated for a further 1 hour in the presence of mouse anti-E-cadherin antibody 
(Transduction Labs, 1:250 dilution). Primary and secondary antibodies may be diluted in 
2% BSA/PBS. Following incubation in the primary antibody, coverslips may be washed 
three times for 5 minutes each in PBS and incubated for 1 hour with donkey anti-mouse 
antibody conjugated to fluorescein (diluted 1 :200). Following further washes in PBS (3 x 

30 5 min) coverslips can be mounted and viewed by confocal microscopy. 
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In the absence of modulating agent, NRK cells form characteristic 
tightly adherent monolayers with a cobblestone morphology in which cells display a 
polygonal shape. NRK cells that are treated with a modulating agent that disrupts E- 
cadherin mediated cell adhesion may assume a non-polygonal and elongated 

5 morphology (i.e., a fibroblast-like shape) within 48 hours of treatment with 1 mg/mL of 
modulating agent. Gaps appear in confluent cultures of such cells. In addition, 1 
mg/mL of such a modulating agent reproducibly induces a readily apparent reduction in 
cell surface staining of E-cadherin, as judged by immunofluorescence microscopy 
(Laird et al., J. Cell Biol 737:1193-1203, 1995), of at least 75% within 48 hours. 

10 A third cell adhesion assay involves evaluating the effect of a modulating 

agent on permeability of adherent epithelial and/or endothelial cell layers. For example, 
the effect on permeability of human skin may be evaluated. Such skin may be derived 
from a natural source or may be synthetic. Human abdominal skin for use in such 
assays may generally be obtained from humans at autopsy within 24 hours of death. 

15 Briefly, a cyclic peptide and a test marker (e.g., the fluorescent markers Oregon Green™ 
and Rhodamine Green™ Dextran) may be dissolved in a sterile buffer, and the ability of 
the marker to penetrate through the skin and into a receptor fluid may be measured 
using a Franz Cell apparatus (Franz, Curr. Prob. Dermatol 7:58-68, 1978; Franz, J. 
Invest Dermatol. 64:190-195, 1975). In general, a modulating agent that enhances the 

20 permeability of human skin results in a statistically significant increase in the amount of 
marker in the receptor compartment after 6-48 hours in the presence of 500 jxg/mL 
modulating agent. This assay evaluates the effect of a modulating agent on E-cadherin 
mediated cell adhesion. 

Alternatively, cells that do not naturally express a cadherin may be used 

25 within such assays. Such cells may be stably transfected with a polynucleotide (e.g., a 
cDNA) encoding a classical cadherin of interest, such that the cadherin is expressed on 
the surface of the cell. Transfection of cells for use in cell adhesion assays may be 
performed using standard techniques and published cadherin sequences. Expression of 
the cadherin may be confirmed by assessing adhesion of the transfected cells, in 

30 conjunction with immunocytochemical techniques using antibodies directed against the 
cadherin of interest. The stably transfected cells that aggregate, as judged by light 
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microscopy, following transfection express sufficient levels of the cadherin. Preferred 
cells for use in such assays include L cells, which do not detectably adhere in the 
absence of transfection (Nagafuchi et al. Nature 32P:341-343, 1987). Following 
transfection of L cells with a cDNA encoding a cadherin, aggregation may be observed. 
5 Modulating agents that detectably inhibit such aggregation may be used to modulate 
functions mediated by the cadherin. Such assays have been used for numerous 
nonclassical cadherins, including OB-cadherin (Okazaki et al., J. Biol. Chem. 
269: 12092-98, 1994), cadherin-5 (Breier et al., Blood 57:630-641, 1996), cadherin-6 
(Mbalaviele et al., J. Cell. Biol. 7^:1467-1476, 1998), cadherin-8 (Kido et al, 

10 Genomics ¥5:186-194, 1998), cadherin-15 (Shimoyama et al., J. Biol. Chem. 
273:10011-10018, 1998), PB-cadherin (Sugimoto et al, J. Biol. Chem. 277:11548- 
11556, 1996), Ll-cadherin (Kreft et al, J. Cell. Biol. 136: 11 09-1 121, 1997), 
protocadherin 42 and 43 (Sano et al, EMBO J. 72:2249-2256, 1993) and desmosomal 
cadherins (Marcozzi et al, J. Cell. Sci. 777:495-509, 1998). It will be apparent to those 

15 of ordinary skill in the art that assays may be performed in a similar manner for 
classical cadherins. In general, a modulating agent that is derived from a particular 
cadherin CAR sequence {i.e., comprises such a peptidomimetic thereof) and that 
modulates adhesion of a cell that expresses the same cadherin is considered to modulate 
a function mediated by the cadherin. 

20 Modulating Agent Modification and Formulations 

A modulating agent as described herein may, but need not, be linked to 
one or more additional molecules. In particular, as discussed below, it may be 
beneficial for certain applications to link multiple modulating agents (which may, but 
need not, be identical) to a support molecule (e.g., keyhole limpet hemocyanin) or a 

25 solid support, such as a polymeric matrix (which may be formulated as a membrane or 
microstructure, such as an ultra thin film), a container surface (e.g., the surface of a 
tissue culture plate or the interior surface of a bioreactor), or a bead or other particle, 
which may be prepared from a variety of materials including glass, plastic or ceramics. 
For certain applications, biodegradable support materials are preferred, such as 

30 cellulose and derivatives thereof, collagen, spider silk or any of a variety of polyesters 
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{e.g., those derived from hydroxy acids and/or lactones) or sutures (see U.S. Patent No. 
5,245,012). Within certain embodiments, modulating agents and molecules comprising 
other CAR sequence(s) (e.g., an RGD and/or LYHY (SEQ ID NO:55) sequence) may 
be attached to a support such as a polymeric matrix, preferably in an alternating pattern. 
5 Suitable methods for linking a modulating agent to a support material 

will depend upon the composition of the support and the intended use, and will be 
readily apparent to those of ordinary skill in the art. Attachment may generally be 
achieved through noncovalent association, such as adsorption or affinity or, preferably, 
via covalent attachment (which may be a direct linkage between a modulating agent and 
10 functional groups on the support, or may be a linkage by way of a cross-linking agent or 
linker). Attachment of a modulating agent by adsorption may be achieved by contact, 
in a suitable buffer, with a solid support for a suitable amount of time. The contact time 
varies with temperature, but is generally between about 5 seconds and 1 day, and 
typically between about 10 seconds and 1 hour. 
15 Covalent attachment of a modulating agent to a molecule or solid support 

may generally be achieved by first reacting the support material with a bifunctional 
reagent that will also react with a functional group, such as a hydroxyl, thiol, carboxyl, 
ketone or amino group, on the modulating agent. For example, a modulating agent may 
be bound to an appropriate polymeric support or coating using benzoquinone, by 
20 condensation of an aldehyde group on the support with an amine and an active hydrogen 
on the modulating agent or by condensation of an amino group on the support with a 
carboxylic acid on the modulating agent A preferred method of generating a linkage is 
via amino groups using glutaraldehyde. A modulating agent may be linked to cellulose 
via ester linkages. Similarly, amide linkages may be suitable for linkage to other 
25 molecules such as keyhole limpet hemocyanin or other support materials. Multiple 
modulating agents and/or molecules comprising other CAR sequences may be attached, 
for example, by random coupling, in which equimolar amounts of such molecules are 
mixed with a matrix support and allowed to couple at random 

Although modulating agents as described herein may preferentially bind 
30 to specific tissues or cells, and thus may be sufficient to target a desired site in vivo, it 
may be beneficial for certain applications to include an additional targeting agent. 
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Accordingly, a targeting agent may also, or alternatively, be linked to a modulating 
agent to facilitate targeting to one or more specific tissues. As used herein, a "targeting 
agent," may be any substance (such as a compound or cell) that, when linked to a 
modulating agent enhances the transport of the modulating agent to a target tissue, 
5 thereby increasing the local concentration of the modulating agent. Targeting agents 
include antibodies or fragments thereof, receptors, ligands and other molecules that 
bind to cells of, or in the vicinity of, the target tissue. Known targeting agents include 
serum hormones, antibodies against cell surface antigens, lectins, adhesion molecules, 
tumor cell surface binding ligands, steroids, cholesterol, lymphokines, fibrinolytic 

10 enTymes and those drugs and proteins that bind to a desired target site. Among the 
many monoclonal antibodies that may serve as targeting agents are anti-TAC, or other 
interleukin-2 receptor antibodies; 9.2.27 and NR-ML-05, reactive with the 250 
kilodalton human melanoma-associated proteoglycan; and NR-LU-10, reactive with a 
pancarcinoma glycoprotein. An antibody targeting agent may be an intact (whole) 

15 molecule, a fragment thereof, or a functional equivalent thereof. Examples of antibody 
fragments are F(ab')2, -Fab ! , Fab and F[v] fragments, which may be produced by 
conventional methods or by genetic or protein engineering. Linkage is generally 
covalent and may be achieved by, for example, direct condensation or other reactions, 
or by way of bi- or multi-functional linkers. Within other embodiments, it may also be 

20 possible to target a polynucleotide encoding a modulating agent to a target tissue, 
thereby increasing the local concentration of modulating agent. Such targeting may be 
achieved using well known techniques, including retroviral and adenoviral infection. 

For certain embodiments, it may be beneficial to also, or alternatively, 
link a drug to a modulating agent. As used herein, the term "drug" refers to any 

25 bioactive agent intended for administration to a mammal to prevent or treat a disease or 
other undesirable condition. Drugs include hormones, growth factors, proteins, 
peptides and other compounds. The use of certain specific drugs within the context of 
the present invention is discussed below. 

Within certain aspects of the present invention, one or more modulating 

30 agents as described herein may be present within a pharmaceutical composition. A 
pharmaceutical composition comprises one or more modulating agents in combination 
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with one or more pharmaceutical^ or physiologically acceptable carriers, diluents or 
excipients. Such compositions may comprise buffers (e.g., neutral buffered saline or 
phosphate buffered saline), carbohydrates (e.g., glucose, mannose, sucrose or dextrans), 
mannitol, proteins, polypeptides or amino acids such as glycine, antioxidants, chelating 
5 agents such as EDTA or glutathione, adjuvants (e.g., aluminum hydroxide) and/or 
preservatives- Within yet other embodiments, compositions of the present invention 
may be formulated as a lyophilizate. A modulating agent (alone or in combination with 
a targeting agent and/or drug) may, but need not, be encapsulated within liposomes 
using well known technology. Compositions of the present invention may be 

10 formulated for any appropriate manner of administration, including for example, 
topical, oral, nasal, intravenous, intracranial, intraperitoneal, subcutaneous, or 
intramuscular administration. For certain topical applications, formulation as a cream 
or lotion, using well known components, is preferred. 

For certain embodiments, as discussed below, a pharmaceutical 

15 composition may further comprise a modulator of cell adhesion that is mediated by one 
or more molecules other than cadherins. Such modulators may generally be prepared as 
described above, incorporating one or more non-cadherin CAR sequences and/or 
antibodies thereto in place of the cadherin CAR sequences and antibodies. Such 
compositions are particularly useful for situations in which it is desirable to inhibit cell 

20 adhesion mediated by multiple cell-adhesion molecules, such as other members of the 
cadherin gene superfamily that are not classical cadherins (e.g., Dsg and Dsc); claudins; 
integrins; members of the immunoglobulin supergene family, such as N-CAM; and 
other uncategorized transmembrane proteins, such as occludin, as well as extracellular 
matrix proteins such as laminin, fibronectin, collagens, vitronectin, entactin and 

25 tenascin. Preferred CAR sequences for use are as described above. 

A pharmaceutical composition may also contain one or more drugs, which 
may be linked to a modulating agent or may be free within the composition. Virtually 
any drug may be administered in combination with a modulating agent as described 
herein, for a variety of purposes as described below. Examples of types of drugs that may 

30 be administered with a modulating agent include analgesics, anesthetics, antianginals, 
antifungals, antibiotics, anticancer drugs (e.g., taxol or mitomycin C), antiinflammatories 
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(e.g., ibuprofen and indomethacin), anthelmintics, antidepressants, antidotes, antiemetics, 
antihistamines, antihypertensives, antimalarials, antimicrotubule agents (e.g., colchicine 
or vinca alkaloids), antimigraine agents, antimicrobials, antipsychotics, antipyretics, 
antiseptics, anti-signaling agents (e.g., protein kinase C inhibitors or inhibitors of 
5 intracellular calcium mobilization), antiarthritics, antithrombin agents, antituberculotics, 
antitussives, antivirals, appetite suppressants, cardioactive drugs, chemical dependency 
drugs, cathartics, chemotherapeutic agents, coronary, cerebral or peripheral vasodilators, 
contraceptive agents, depressants, diuretics, expectorants, growth factors, hormonal 
agents, hypnotics, immunosuppression agents, narcotic antagonists, 

10 parasympathomimetics, sedatives, stimulants, sympathomimetics, toxins (e.g., cholera 
toxin), tranquilizers and urinary antiinfectives. 

For imaging purposes, any of a variety of diagnostic agents may be 
incorporated into a pharmaceutical composition, either linked to a modulating agent or 
free within the composition. Diagnostic agents include any substance administered to 

15 illuminate a physiological function within a patient, while leaving other physiological 
functions generally unaffected. Diagnostic agents include metals, radioactive isotopes 
and radioopaque agents (e.g., gallium, technetium, indium, strontium, iodine, barium, 
bromine and phosphorus-containing compounds), radiolucent agents, contrast agents, 
dyes (e.g., fluorescent dyes and chromophores) and enzymes that catalyze a 

20 colorimetric or fluorometric reaction. In general, such agents may be attached using a 
variety of techniques as described above, and may be present in any orientation. 

The compositions described herein may be administered as part of a 
sustained release formulation (i.e., a formulation such as a capsule or sponge that 
effects a slow release of modulating agent following administration). Such 

25 formulations may generally be prepared using well known technology and administered 
by, for example, oral, rectal or subcutaneous implantation, or by implantation at the 
desired target site. Sustained-release formulations may contain a modulating agent 
dispersed in a carrier matrix and/or contained within a reservoir surrounded by a rate 
controlling membrane (see, e.g., European Patent Application 710,491A). Carriers for 

30 use within such formulations are biocompatible, and may also be biodegradable; 
preferably the formulation provides a relatively constant level of modulating agent 
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release. The amount of modulating agent contained within a sustained release 
formulation depends upon the site of implantation, the rate and expected duration of 
release and the nature of the condition to be treated or prevented. 

Pharmaceutical compositions of the present invention may be 
5 administered in a manner appropriate to the disease to be treated (or prevented). 
Appropriate dosages and the duration and frequency of administration will be 
determined by such factors as the condition of the patient, the type and severity of the 
patient's disease and the method of administration. In general, an appropriate dosage 
and treatment regimen provides the modulating agent(s) in an amount sufficient to 

10 provide therapeutic and/or prophylactic benefit. Within particularly preferred 
embodiments of the invention, a modulating agent or pharmaceutical composition as 
described herein may be administered at a dosage ranging from 0.001 to 50 mg/kg body 
weight, preferably from 0. 1 to 20 mg/kg, on a regimen of single or multiple daily doses. 
For topical administration, a cream typically comprises an amount of modulating agent 

15 ranging from 0.00001% to 1%, preferably 0.0001% to 0.2%, and more preferably from 
0.0001% to 0.002%. Fluid compositions typically contain about 10 ng/ml to 5 mg/ml, 
preferably from about 10 jxg to 2 mg/mL peptidomimetic. Appropriate dosages may 
generally be determined using experimental models and/or clinical trials. In general, 
the use of the minimum dosage that is sufficient to provide effective therapy is 

20 preferred. Patients may generally be monitored for therapeutic effectiveness using 
assays suitable for the condition being treated or prevented, which will be familiar to 
those of ordinary skill in the art. 

Modulating Agent Methods of Use 

In general, the modulating agents and compositions described herein 

25 may be used for modulating the adhesion of classical cadherin-expressing cells (i.e., 
cells that express one or more of E-cadherin, N-cadherin, P-cadherin, R-cadherin and/or 
other cadherin(s) containing the HAV sequence, including as yet undiscovered classical 
cadherins) in vitro and/or in vivo. To modulate classical cadherin-mediated cell 
adhesion, a cadherin-expressing cell is contacted with a modulating agent either in vivo 

30 or in vitro. As noted above, modulating agents for purposes that involve the disruption 
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of cadherin-mediated cell adhesion may comprise a single peptidomimetic or multiple 
peptidomimetics in close proximity. When it is desirable to also disrupt cell adhesion 
mediated by other adhesion molecules, a modulating agent may additionally comprise 
one or more CAR sequences bound by such adhesion molecules (and/or antibodies or 
5 fragments thereof that bind such sequences), preferably separated by linkers. As noted 
above, such linkers may or may not comprise one or more amino acids. For enhancing 
cell adhesion, a modulating agent may contain multiple peptidomimetics, preferably 
separated by linkers, and/or may be linked to a single molecule or to a support material 
as described above. 

10 Certain methods involving the disruption of cell adhesion as described 

herein have an advantage over prior techniques in that they permit the passage of 
molecules that are large and/or charged across barriers of cadherin-expressing cells. As 
discussed in greater detail below, modulating agents as described herein may also be 
used to disrupt or enhance cell adhesion in a variety of other contexts. Within the 

15 methods described herein, one or more modulating agents may generally be 
administered alone, or within a pharmaceutical composition. In each specific method 
described herein, as noted above, a targeting agent may be employed to increase the 
local concentration of modulating agent at the target site. 

In one such aspect, the present invention provides methods for reducing 

20 unwanted cellular adhesion by administering a modulating agent as described herein. 
Unwanted cellular adhesion can occur between tumor cells, between tumor cells and 
normal cells or between normal cells as a result of surgery, injury, chemotherapy, 
disease, inflammation or other condition jeopardizing cell viability or function. 
Preferred modulating agents for use within such methods comprise a single 

25 peptidomimetic of a cyclic peptide as described above, such as N-Ac -CHAVC -Y-NH? 
(SEQ ID NO:81), N-Ac -CHAVDC -NHo (SEQ ID NO:20), N-Ac -CSHAVC -NHo (SEQ 
ID NO:36) or N-Ac-OHM£-NH 2 (SEQ ID NO: 10). In addition, a modulating agent 
may comprise the sequence RGD, which is bound by integrins, and/or the sequence 
LYHY (SEQ ID NO:55), which is bound by occludin, separated from the 

30 peptidomimetic via a linker. Other CAR sequences that may be present include OB- 
cadherin, dsg and dsc CAR sequences as described above. Alternatively, a separate 



BNSDOCID: <WO 0153331 A2_l_> 



WO 01/53331 



PCT/US01/02508 



62 

modulator of integrin, occludin-, OB-cadherin-, dsc- and/or dsg-mediated cell adhesion 
may be administered in conjunction with the modulating agent(s), either within the 
same pharmaceutical composition or separately. Topical administration of the 
modulating agent(s) is generally preferred, but other means may also be employed. 
5 Preferably, a fluid composition for topical administration (comprising, for example, 
physiological saline) comprises an amount of peptidomimetic as described above, and 
more preferably an amount ranging from 10|ig/mL to lmg/mL. Creams may generally 
be formulated as described above. Topical administration in the surgical field may be 
given once at the end of surgery by irrigation of the wound, as an intermittent or 

10 continuous irrigation with use of surgical drains in the post operative period, or by the 
use of drains specifically inserted in an area of inflammation, injury or disease in cases 
where surgery does not need to be performed. Alternatively, parenteral or 
transcutaneous administration may be used to achieve similar results. 

In another aspect, methods are provided for enhancing the delivery of a 

15 drug through the skin of a mammal. Transdermal delivery of drugs is a convenient and 
non-invasive method that can be used to maintain relatively constant blood levels of a 
drug. In general, to facilitate drug delivery via the skin, it is necessary to perturb 
adhesion between the epithelial cells (keratinocytes) and the endothelial cells of the 
microvasculature. Using currently available techniques, only small, uncharged 

20 molecules may be delivered across skin in vivo. The methods described herein are not 
subject to the same degree of limitation. Accordingly, a wide variety of drugs may be 
transported across the epithelial and endothelial cell layers of skin, for systemic or 
topical administration. Such drugs may be delivered to melanomas or may enter the 
blood stream of the mammal for delivery to other sites within the body. 

25 To enhance the delivery of a drug through the skin, a modulating agent 

as described herein and a drug are contacted with the skin surface. Preferred 
modulating agents for use within such methods comprise a single peptidomimetic of a 
cyclic peptide as described above, such as N-Ac-OTAVC-Y-NH 2 (SEQ ID NO: 81), N- 
Ac -CHAVDC -NH? (SEQ ID NO:20), N-Ac-CSH^C-NH 2 (SEQ ID NO:36) or N-Ac- 

30 CHAVC -NHs (SEQ ID NO: 10). Multifunctional modulating agents comprising such a 
peptidomimetic linked to one or more of the Dsc and/or the Dsg CAR sequences may 
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also be used to disrupt epithelial cell adhesion. Such modulating agents may also, or 
alternatively, comprise the fibronectin CAR sequence RGD, which is recognized by 
integrins, the occludin CAR sequence LYHY (SEQ ID NO: 55) and/or a claudin CAR 
sequences as described above. Alternatively, a separate modulator of non-classical 
5 cadherin-mediated cell adhesion may be administered in conjunction with the 
modulating agent(s), either within the same pharmaceutical composition or separately. 

Contact may be achieved by direct application of the modulating agent, 
generally within a composition formulated as a cream or gel, or using any of a variety 
of skin contact devices for transdermal application (such as those described in European 

10 Patent Application No. 566,816 A; U.S. Patent No. 5,613,958; U.S. Patent No. 
5,505,956). A skin patch provides a convenient method of administration (particularly 
for slow-release formulations). Such patches may contain a reservoir of modulating 
agent and drug separated from the skin by a membrane through which the drug diffuses. 
Within other patch designs, the modulating agent and drug may be dissolved or 

15 suspended in a polymer or adhesive matrix that is then placed in direct contact with the 
patient's skin. The modulating agent and drug may then diffuse from the matrix into the 
skin. Modulating agent(s) and drug(s) may be contained within the same composition 
or skin patch, or may be separately administered, although administration at the same 
time and site is preferred. In general, the amount of modulating agent administered via 

20 the skin varies with the nature of the condition to be treated or prevented, but may vary 
as described above. Such levels may be achieved by appropriate adjustments to the 
device used, or by applying a cream formulated as described above. Transfer of the 
drug across the skin and to the target tissue may be predicted based on in vitro studies 
using, for example, a Franz cell apparatus, and evaluated in vivo by appropriate means 

25 that will be apparent to those of ordinary skill in the art. As an example, monitoring of 
the serum level of the administered drug over time provides a convenient measure of 
the drug transfer across the skin. 

Transdermal drug delivery as described herein is particularly useful in 
situations in which a constant rate of drug delivery is desired, to avoid fluctuating blood 

30 levels of a drug. For example, morphine is an analgesic commonly used immediately 
following surgery. When given intermittently in a parenteral form (intramuscular, 
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intravenous), the patient usually feels sleepy during the first hour, is well during the next 
2 hours and is in pain during the last hour because the blood level goes up quickly after 
the injection and goes down below the desirable level before the 4 hour interval 
prescribed for re-injection is reached. Transdermal administration as described herein 
5 permits the maintenance of constant levels for long periods of time (e.g., days), which 
allows adequate pain control and mental alertness at the same time. Insulin provides 
another such example. Many diabetic patients need to maintain a constant baseline level 
of insulin which is different from their needs at the time of meals. The baseline level may 
be maintained using transdermal administration of insulin, as described herein. 

10 Antibiotics may also be administered at a constant rate, maintaining adequate bactericidal 
blood levels, while avoiding the high levels that are often responsible for the toxicity 
(e.g., levels of gentamycin that are too high typically result in renal toxicity). 

Drug delivery by the methods of the present invention also provide a 
more convenient method of drug administration. For example, it is often particularly 

15 difficult to administer parenteral drugs to newborns and infants because of the difficulty 
associated with finding veins of acceptable caliber to catheterize. However, newborns 
and infants often have a relatively large skin surface as compared to adults. 
Transdermal drug delivery permits easier management of such patients and allows 
certain types of care that can presently be given only in hospitals to be given at home. 

20 Other patients who typically have similar difficulties with venous catheterization are 
patients undergoing chemotherapy or patients on dialysis. In addition, for patients 
undergoing prolonged therapy, transdermal administration as described herein is more 
convenient than parenteral administration. 

Transdermal administration as described herein also allows the 

25 gastrointestinal tract to be bypassed in situations where parenteral uses would not be 
practical. For example, there is a growing need for methods suitable for administration 
of therapeutic small peptides and proteins, which are typically digested within the 
gastrointestinal tract. The methods described herein permit administration of such 
compounds and allow easy administration over long periods of time. Patients who have 

30 problems with absorption through their gastrointestinal tract because of prolonged ileus 



BNSOOCID: <WO 0153331A2_I_> 



WO 01/53331 



PCT/US01/02508 



65 

or specific gastrointestinal diseases limiting drug absorption may also benefit from 
drugs formulated for transdermal application as described herein. 

Further, there are many clinical situations where it is difficult to maintain 
compliance. For example, patients with mental problems (e.g., patients with Alzheimer's 
5 disease or psychosis) are easier to manage if a constant delivery rate of drug is provided 
without having to rely on their ability to take their medication at specific times of the day. 
Also patients who simply forget to take their drugs as prescribed are less likely to do so if 
they merely have to put on a skin patch periodically (e.g., every 3 days). Patients with 
diseases that are without symptoms, like patients with hypertension, are especially at risk 
10 of forgetting to take their medication as prescribed. 

For patients taking multiple drugs, devices for transdermal application 
such as skin patches may be formulated with combinations of drugs that are frequently 
used together. For example, many heart failure patients are given digoxin in 
combination with furosemide. The combination of both drugs into a single skin patch 
15 facilitates administration, reduces the risk of errors (taking the correct pills at the 
appropriate time is often confusing to older people), reduces the psychological strain of 
taking "so many pills," reduces skipped dosage because of irregular activities and 
improves compliance. 

The methods described herein are particularly applicable to humans, but 
20 also have a variety of veterinary uses, such as the administration of growth factors or 
hormones (e.g., for fertility control) to an animal. 

As noted above, a wide variety of drugs may be administered according 
to the methods provided herein. Some examples of drug categories that may be 
administered transdermally include anti-inflammatory drugs (e.g., in arthritis and in 
25 other condition) such as all NSAID, indomethacin, prednisone, etc.; analgesics 
(especially when oral absorption is not possible, such as after surgery, and when 
parenteral administration is not convenient or desirable), including morphine, codeine, 
Demerol, acetaminophen and combinations of these (e.g., codeine plus acetaminophen); 
antibiotics such as Vancomycin (which is not absorbed by the GI tract and is frequently 
30 given intravenously) or a combination of INH and Rifampicin (e.g., for tuberculosis); 
anticoagulants such as heparin (which is not well absorbed by the GI tract and is 
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generally given parenteral^, resulting in fluctuation in the blood levels with an 
increased risk of bleeding at high levels and risks of inefficacy at lower levels) and 
Warfarin (which is absorbed by the GI tract but cannot be administered immediately 
after abdominal surgery because of the normal ileus following the procedure); 
5 antidepressants (e.g., in situations where compliance is an issue as in Alzheimer's 
disease or when maintaining stable blood levels results in a significant reduction of 
anti-cbolinergic side effects and better tolerance by patients), such as amitriptylin, 
intipramin, prozac, etc.; antihypertensive drugs (e.g., to improve compliance and reduce 
side effects associated with fluctuating blood levels), such as diuretics and beta- 
10 blockers (which can be administered by the same patch; e.g., furosemide and 
propanolol); antipsychotics (e.g., to facilitate compliance and make it easier for care 
giver and family members to make sure that the drug is received), such as haloperidol 
and chlorpromazine; and anxiolytics or sedatives (e.g., to avoid the reduction of 
alertness related to high blood levels after oral administration and allow a continual 
1 5 benefit throughout the day by maintaining therapeutic levels constant). 

Numerous other drugs may be administered as described herein, 
including naturally occurring and synthetic hormones, growth factors, proteins and 
peptides. For example, insulin and human growth hormone, growth factors like 
erythropoietin, interleukins and interferons may be delivered via the skin. 
20 Kits for administering a drug via the skin of a mammal are also provided 

within the present invention. Such kits generally comprise a device for transdermal 
application (i.e., skin patch) in combination with, or impregnated with, one or more 
modulating agents. A drug may additionally be included within such kits. 

Within a related embodiment, the use of modulating agents as described 
25 herein to increase skin permeability may also facilitate sampling of the blood 
compartment by passive diffusion, permitting detection and/or measurement of the 
levels of specific molecules circulating in the blood. For example, application of one or 
more modulating agents to the skin, via a skin patch as described herein, permits the 
patch to function like a sponge to accumulate a small quantity of fluid containing a 
30 representative sample of the serum. The patch is then removed after a specified amount 
of time and analyzed by suitable techniques for the compound of interest (e.g., a 
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medication, hormone, growth factor, metabolite or marker). Alternatively, a patch may 
be impregnated with reagents to permit a color change if a specific substance {e.g., an 
enzyme) is detected. Substances that can be detected in this manner include, but are not 
limited to, illegal drugs such as cocaine, HIV enzymes, glucose and PSA. This 
5 technology is of particular benefit for home testing kits. 

Within a further aspect, methods are provided for enhancing delivery of 
a drug to a tumor in a mammal, comprising administering a modulating agent in 
combination with a drug to a tumor-bearing mammal. Modulating agents for use within 
such methods include those designed to disrupt E-cadherin and/or N-cadherin mediated 
10 cell adhesion, such as agents that comprise a single peptidomimetic of a cyclic peptide 
as described above, such as N-Ac -CHAVC -Y-NHo (SEQ ID NO:81), N-Ac -CHAVDC - 
NH 2 (SEQ ID NO:20), N-Ac -CSHAVC -NHo (SEQ ID NO:36) or N-Ac>CHMTC-NH 2 
(SEQ ID NO: 10). 

In one particularly preferred embodiment, a modulating agent is capable 

15 of disrupting cell adhesion mediated by multiple adhesion molecules. For example, a 
single branched modulating agent (or multiple agents linked to a single molecule or 
support material) may disrupt E-cadherin, N-cadherin, occludin, Dsc and Dsg mediated 
cell adhesion, thereby disrupting adherens junctions, tight junctions and desmosomes. 
Such an agent may comprise one or more peptidomimetics, as well as one or more of 

20 the fibronectin CAR sequence RGD, which is recognized by integrins; a dsg CAR 
sequence; a dsc CAR sequence; a claudin CAR sequence; an occludin CAR sequence 
and/or an OB-cadherin CAR sequence. Such agents serve as multifunctional disrupters 
of cell adhesion. Alternatively, a separate modulator of non-classical cadherin- 
mediated cell adhesion may be administered in conjunction with the modulating 

25 agent(s), either within the same pharmaceutical composition or separately. Antibodies 
or Fab fragments directed against a cadherin CAR sequence and/or an occludin CAR 
sequence may also be employed, either incorporated into a modulating agent or within a 
separate modulator that is administered concurrently. 

Preferably, the modulating agent and the drug are formulated within the 

30 same composition or drug delivery device prior to administration. In general, a 
modulating agent may enhance drug delivery to any tumor, and the method of 
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administration may be chosen based on the type of target tumor. For example, injection 
or topical administration as described above may be preferred for melanomas and other 
accessible tumors (e.g., metastases from primary ovarian tumors may be treated by 
flushing the peritoneal cavity with the composition). Other tumors (e.g., bladder 
5 tumors) may be treated by injection of the modulating agent and the drag (such as 
mitomycin C) into the site of the tumor. In other instances, the composition may be 
administered systemically, and targeted to the tumor using any of a variety of specific 
targeting agents. Suitable drugs may be identified by those of ordinary skill in the art 
based upon the type of cancer to be treated (e.g., mitomycin C for bladder cancer). In 

10 general, the amount of modulating agent administered varies with the method of 
administration and the nature of the tumor, within the typical ranges provided above, 
preferably ranging from about 1 n,g/mL to about 2 mg/roL, and more preferably from 
about lOjig/mL to 100^ig/mL. Transfer of the drug to the target tumor may be evaluated 
by appropriate means that will be apparent to those of ordinary skill in the art, such as a 

15 reduction in tumor size. Drugs may also be labeled (e.g., vising radionuclides) to permit 
direct observation of transfer to the target tumor using standard imaging techniques. 

Within a related aspect, the present invention provides methods for 
inhibiting the development of a cancer (i.e., for treating or preventing cancer and/or 
inhibiting metastasis) in a mammal. Cancer tumors are solid masses of cells, growing 

20 out of control, which require nourishment via blood vessels. The formation of new 
capillaries is a prerequisite for tumor growth and the emergence of metastases. 
Administration of a modulating agent as described herein may disrupt the growth of 
such blood vessels, thereby providing effective therapy for the cancer and/or inhibiting 
metastasis. Modulating agents comprising peptidomimetics may also be used to treat 

25 leukemias. Preferred modulating agents for use within such methods include those that 
disrupt N-cadherin mediated cell adhesion, such as agents that comprise a 
peptidomimetic of a cyclic peptide as described above (e.g., N-Ac -CHAVC -Y-NHo 
(SEQ ID NO:81), N-Ac -CHAVDC -NK, (SEQ ID NO:20), N-Ac-CSHA^C-NH 2 (SEQ 
ID NO:36) or N-AoOIAVC-]SIH2 (SEQ ID NO: 10)). In addition, a modulating agent 

30 may comprise the sequence RGD, which is recognized by integrins, and/or the occludin 
CAR sequence LYHY (SEQ ID NO:55) separated via a linker. Other CAR sequences 
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that may be present include an OB-cadherin CAR sequence; dsc CAR sequence, dsg 
CAR sequence and/or claudin CAR sequence. Alternatively, a separate modulator of 
integrin- OB-cadherin-, dsc-, dsg-, claudin- and/or occludin-mediated cell adhesion may 
be administered in conjunction with the modulating agent(s), either within the same 
5 pharmaceutical composition or separately. 

A modulating agent may be administered alone (e.g., via the skin) or 
within a pharmaceutical composition. For melanomas and certain other accessible 
tumors, injection or topical administration as described above may be preferred. For 
ovarian cancers, flushing the peritoneal cavity with a composition comprising one or 

10 more modulating agents may prevent metastasis of ovarian tumor cells. Other tumors 
(e.g., bladder tumors, bronchial tumors or tracheal tumors) may be treated by injection 
of the modulating agent into the cavity. In other instances, the composition may be 
administered systemically, and targeted to the tumor using any of a variety of specific 
targeting agents, as described above. In general, the amount of modulating agent 

15 administered varies depending upon the method of administration and the nature of the 
cancer, but may vary within the ranges identified above. The effectiveness of the 
cancer treatment or inhibition of metastasis may be evaluated using well known clinical 
observations such as the level of serum markers (e.g., CEAor PSA). 

Within a further related aspect, a modulating agent may be used to 

20 inhibit angiogenesis (i.e., the growth of blood vessels from pre-existing blood vessels) 
in a mammal. In general, inhibition of angiogenesis may be beneficial in patients 
afflicted with diseases such as cancer or arthritis. Preferred modulating agents for use 
within such methods comprise a single peptidomimetic of a cyclic peptide as described 
above, such as N-Ac-OIAVC-Y-NHa (SEQ ID NO:81), N-Ac-CHAVDC-NH 2 (SEQ ID 

25 NO:20), N-Ac-CSHA^C-NH 2 (SEQ ID NO:36) or N-Ac-OIAVC-NH 2 (SEQ ID 
NO: 10). In addition, a modulating agent for use in inhibiting angiogenesis may 
comprise the sequence RGD, which is recognized by integrins, the occludin CAR 
sequence LYHY (SEQ ID NO:55) and/or a claudin CAR sequence, separated from the 
peptidomimetic via a linker. Alternatively, a separate modulator of integrin- and/or 

30 occludin-mediated cell adhesion may be administered in conjunction with the 
modulating agent(s), either within the same pharmaceutical composition or separately. 
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The effect of a particular modulating agent on angiogenesis may 
generally be determined by evaluating the effect of the agent on blood vessel formation. 
Such a determination may generally be performed, for example, using a chick 
chorioallantoic membrane assay (Iruela-Arispe et al, Molecular Biology of the Cell 
5 6:327-343, 1995). Briefly, a modulating agent may be embedded in a mesh composed 
of vitrogen at one or more concentrations (e.g., ranging from about 1 to 100 fig/mesh). 
The mesh(es) may then be applied to chick chorioallantoic membranes. After 24 hours, 
the effect of the agent may be determined using computer assisted morphometric 
analysis. A modulating agent should inhibit angiogenesis by at least 25% at a 

10 concentration of 33 jig/mesh. 

The addition of a targeting agent may be beneficial, particularly when 
the administration is systemic. Suitable modes of administration and dosages depend 
upon the condition to be prevented or treated but, in general, administration by injection 
is appropriate. Dosages may vary as described above. The effectiveness of the 

15 inhibition may be evaluated grossly by assessing the inability of the tumor to maintain 
growth and microscopically by an absence of nerves at the periphery of the tumor. 

In yet another related aspect, the present invention provides methods for 
inducing apoptosis in a cadherin-expressing cell. In general, patients afflicted with 
cancer may benefit from such treatment. Preferred modulating agents for use within 

20 such methods comprise a single peptidomimetic of a cyclic peptide as described above, 
such as N-Ac-CHAV£-Y-NH 2 (SEQ ID NO:81), N-Ac -CHAVDC -NH? (SEQ ID 
NO:20), N-Ac -CSHAVC -NHo (SEQ ID NO:36) or N-Ac-£HATC-NH 2 (SEQ ID 
NO: 10). Modulating agents comprising a CAR sequence for a second adhesion 
molecule (e.g., RGD, LYHY (SEQ ID NO:55) or a CAR sequence for OB-cadherin, a 

25 desmoglein, a desmocollin or claudin) are also preferred. Alternatively, a separate 
modulator of cell adhesion mediated by an adhesion molecule that is not a cadherin may 
be administered in conjunction with the modulating agent(s), either within the same 
pharmaceutical composition or separately. Administration may be topical, via injection 
or by other means, and the addition of a targeting agent may be beneficial, particularly 

30 when the administration is systemic. Suitable modes of administration and dosages 
depend upon the location and nature of the cells for which induction of apoptosis is 
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desired but, in general, dosages may vary as described above. A biopsy may be 
performed to evaluate the level of induction of apoptosis. 

The present invention also provides methods for enhancing drug delivery 
to the central nervous system of a mammal. The blood/brain barrier is largely 
5 impermeable to most neuroactive agents, and delivery of drugs to the brain of a 
mammal often requires invasive procedures. Using a modulating agent as described 
herein, however, delivery may be by, for example, systemic administration of a 
peptidomimetic-drug-targeting agent combination, injection of a peptidomimetic (alone 
or in combination with a drug and/or targeting agent) into the carotid artery or 

10 application of a skin patch comprising a modulating agent to the head of the patient. 
Certain preferred peptidomimetics for use within such methods are relatively small 
{e.g., peptidomimetics of cyclic peptides having a ring size of 4-10 residues; preferably 
5-7 residues) and include peptidomimetics of peptides comprising a 5-residue ring such 
as N-Ac-CHAVC-NH 2 (SEQ ID NO: 10) and N-Ac-KHAVD-NH 2 (SEQ ID NO: 12). 

15 Other preferred modulating agents for use within such methods comprise a 
peptidomimetic of N-Ac-CHAVE-Y-NH 2 (SEQ ID NO:81), N-Ac-£SHAV£-NH 2 (SEQ 
ED NO:36) or N-Ac -CHAVDC -NH? (SEQ ID NO:20). Also preferred are bi-functional 
modulating agents comprising an occludin CAR sequence LYHY (SEQ ID NO:55) 
and/or claudin CAR sequence, preferably joined by a linker. Alternatively, a separate 

20 modulator of occludin-mediated cell adhesion may be administered in conjunction with 
the modulating agent(s), either within the same pharmaceutical composition or 
separately. Modulating agents may further comprise antibodies or Fab fragments 
directed against the N-cadherin CAR sequence FHLRAHAVDINGNQV-NH 2 (SEQ ID 
NO: 75). Fab fragments directed against the occludin CAR sequence region 

25 GVNPTAQSSGSLYGSQTYALC^Q (SEQ ID 

NO:78) may also be employed, either incorporated into the modulating agent or 
administered concurrently as a separate modulator. 

In general, the amount of modulating agent administered varies with the 
method of administration and the nature of the condition to be treated or prevented, but 

30 typically varies as described above. Transfer of the drug to the central nervous system 
may be evaluated by appropriate means that will be apparent to those of ordinary skill 
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in the art, such as magnetic resonance imaging (MRI) or PET scan (positron emitted 
tomography). 

In still further aspects, the present invention provides methods for 
enhancing adhesion of cadherin-expressing cells. Within certain embodiments, a 
5 modulating agent may be linked to a support molecule or to a solid support as described 
above, resulting in a matrix that comprises multiple modulating agents. Within one such 
embodiment, the support is a polymeric matrix to which modulating agents and 
molecules comprising other CAR sequence(s) are attached (e.g., modulating agents and 
molecules comprising RGD, LYHY (SEQ ID NO:55) or a CAR sequence for OB- 

10 cadherin, a desmoglein, a desmocollin or claudin, may be attached to the same matrix, 
preferably in an alternating pattern). Such matrices may be used in contexts in which it is 
desirable to enhance adhesion mediated by multiple cell adhesion molecules. 
Alternatively, the modulating agent itself may comprise multiple peptidomimetics, 
separated by linkers as described above. Either way, the modulating agent(s) function as 

15 a "biological glue" to bind multiple cadherin-expressing cells within a variety of contexts. 

Within one embodiment, such modulating agents may be used to 
enhance wound healing and/or reduce scar tissue in a mammal. Preferred modulating 
agents for use within such methods comprise a single peptidomimetic of a cyclic 
peptide as described above, such as N-Ac-CTIAVC-Y-NHa (SEQ ID NO:81), N-Ac- 

20 CHAVDC -NH, (SEQ ID NO:20), N-Ac-CSHATC-NH 2 (SEQ ID NO:36) or N-Ac- 
CHAVC -NH? (SEQ ID NO: 10). Modulating agents that are linked to a biocompatible 
and biodegradable matrix such as cellulose or collagen are particularly preferred. For 
use within such methods, a modulating agent should have a free amino or hydroxyl 
group. Multi-functional modulating agents further comprising the fibronectin CAR 

25 sequence RGD, which is recognized by integrins, as well CAR sequences for OB- 
cadherin, claudin, dsc and/or dsg, may also be used as potent stimulators of wound 
healing and/or to reduce scar tissue. Such agents may also, or alternatively, comprise 
the occludin CAR sequence LYHY (SEQ ID NO: 5 5). Alternatively, one or more 
separate modulators of integrin-, Dsc-, Dsg-, claudin-, OB-cadherin- and/or occludin- 

30 mediated cell adhesion may be administered in conjunction with the modulating 
agent(s), either within the same pharmaceutical composition or separately. 
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The modulating agents are generally administered topically to the 
wound, where they may facilitate closure of the wound and may augment, or even 
replace, stitches. Similarly, administration of matrix-linked modulating agents may 
facilitate cell adhesion in foreign tissue implants {e.g., skin grafting and prosthetic 
5 implants) and may prolong the duration and usefulness of collagen injection. In 
general, the amount of matrix-linked peptidomimetic administered to a wound, graft or 
implant site varies with the severity of the wound and/or the nature of the wound, graft, 
or implant, but may vary as discussed above. 

Within another embodiment, one or more modulating agents may be 
10 linked to the interior surface of a tissue culture plate or other cell culture support, such 
as for use in a bioreactor. Such linkage may be performed by any suitable technique, as 
described above. Modulating agents linked in this fashion may generally be used to 
immobilize cadherin-expressing cells. For example, dishes or plates coated with one or 
more modulating agents may be used to immobilize cadherin-expressing cells within a 
15 variety of assays and screens. Within bioreactors (i.e., systems for larger scale 
production of cells or organoids), modulating agents may generally be used to improve 
cell attachment and stabilize cell growth. Modulating agents may also be used within 
bioreactors to support the formation and function of highly differentiated organoids 
derived, for example, from dispersed populations of fetal mammalian cells. Bioreactors 
20 containing biomatrices of peptidomimetic(s) may also be used to facilitate the 
production of specific proteins. 

Modulating agents as described herein may be used within a variety of 
bioreactor configurations. In general, a bioreactor is designed with an interior surface 
area sufficient to support larger numbers of adherent cells. This surface area can be 
25 provided using membranes, tubes, microtiter wells, columns, hollow fibers, roller bottles, 
plates, dishes, beads or a combination thereof. A bioreactor may be compartmentalized. 
The support material within a bioreactor may be any suitable material known in the art; 
preferably, the support material does not dissolve or swell in water. Preferred support 
materials include, but are not limited to, synthetic polymers such as acrylics, vinyls, 
30 polyethylene, polypropylene, polytetrafluoroethylene, nylons, polyurethanes, polyamides, 
polysulfones and poly(ethylene terephthalate); ceramics; glass and silica. 
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Modulating agents may also be used, within other aspects of the present 
invention, to enhance and/or direct neurological growth. In one aspect, neurite 
outgrowth may be enhanced and/or directed by contacting a neuron with one or more 
modulating agents. Preferred modulating agents for use within such methods are linked 
5 to a polymeric matrix or other support, and comprise a peptidomimetic of a cyclic 
peptide as described above, such as N-Ac-£HA£C-Y-NH 2 (SEQ ID NO:81), N-Ac- 
CHAVDC-NH 2 (SEQ ID NO:20), N-Ac-CSHAVC-NH 2 (SEQ ID NO:36) or N-Ac- 
CHA¥C-NH 2 (SEQ ID NO:10). In addition, a modulating agent further comprising 
RGD and/or YIGSR (SEQ ID NO:52), which are bound by integrins, and/or the N- 
10 CAM CAR sequence KYSFNYDGSE (SEQ ID NO:53) may further facilitate neurite 
outgrowth. Other CAR sequences that may also, or alternatively, be included are CAR 
sequences for cadherin-7, cadherin-8, cadherin-12, cadherin-14, cadherin-15, PB- 
cadherin, protocadherins and cadherin-related neuronal receptors. Modulating agents 
comprising antibodies, or fragments thereof, may be used within this aspect of the 
15 present invention without the use of linkers or support materials. Preferred antibody 
modulating agents include Fab fragments directed against the N-cadherin CAR 
sequence FHLRAHAVDINGNQV-NH 2 (SEQ ID NO:75). Fab fragments directed 
against the N-CAM CAR sequence KYSFNYDGSE (SEQ ID NO:53) may also be 
employed, either incorporated into the modulating agent or aAninistered concurrently 
20 as a separate modulator. 

The method of achieving contact and the amount of modulating agent 
used will depend upon the location of the neuron and the extent and nature of the 
outgrowth desired. For example, a neuron may be contacted {e.g., via implantation) with 
modulating agent(s) linked to a support material such as a suture, fiber nerve guide or 

25 other prosthetic device such that the neurite outgrowth is directed along the support 
material. Alternatively, a tubular nerve guide may be employed, in which the lumen of 
the nerve guide contains a composition comprising the modulating agent(s). In vivo, such 
nerve guides or other supported modulating agents may be implanted using well known 
techniques to, for example, facilitate the growth of severed neuronal connections and/or 

30 to treat spinal cord injuries. It will be apparent to those of ordinary skill in the art that the 
structure and composition of the support should be appropriate for the particular injury 
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being treated. In vifro, a polymeric matrix may similarly be used to direct the growth of 
neurons onto patterned surfaces as described, for example, in U.S. Patent No. 5,510,628. 

Within another such aspect, one or more modulating agents may be used 
for therapy of a demyelinating neurological disease in a mammal. There are a number 
5 of demyelinating diseases, such as multiple sclerosis, characterized by oligodendrocyte 
death. It has been found, within the context of the present invention, that Schwann cell 
migration on astrocytes is inhibited by N-cadherin. Modulating agents that disrupt N- 
cadherin mediated cell adhesion as described herein may be implanted into the central 
nervous system with cells capable of replenishing an oligodendrocyte population, such 

10 as Schwann cells, oligodendrocytes or oligodendrocyte precursor cells. Such therapy 
may facilitate of the cell capable of replenishing an oligodendrocyte population and 
permit the practice of Schwann cell or oligodendrocyte replacement therapy. 

Multiple sclerosis patients suitable for treatment may be identified by 
criteria that establish a diagnosis of clinically definite or clinically probable MS (see 

15 Poser et al., Ann. Neurol 73:227, 1983). Candidate patients for preventive therapy may 
be identified by the presence of genetic factors, such as HLA-type DR2a and DR2b, or 
by the presence of early disease of the relapsing remitting type. 

Schwann cell grafts may be implanted directly into the brain along with 
the modulating agent(s) using standard techniques. Preferred modulating agents for use 

20 within such methods comprise a peptidomimetic of a cyclic peptide as described above, 
such as N-Ac -CHAVC -Y-NH^ (SEQ ID NO:81), N-Ac -CHAVDC -NHk (SEQ ID 
NO:20), N-Ac -CSHAVC -NH 2 (SEQ ID NO:36) or N-Ac-CHATC-NH 2 (SEQ ID 
NO: 10). Modulating agents comprising antibodies, or fragments thereof; may also be 
used within this aspect of the present invention. Preferred antibody modulating agents 

25 include Fab fragments directed against the N-cadherin CAR sequence 
FHLRAHAVDINGNQV-NH2 (SEQ ID NO:75). Suitable amounts of peptidomimetic 
generally range as described above, preferably from about 10|tig/mL to about 1 mg/mL. 

Alternatively, a modulating agent may be implanted with oligodendrocyte 
progenitor cells (OPs) derived from donors not afflicted with the demyelinating disease. 

30 The myelinating cell of the CNS is the oligodendrocyte. Although mature 
oligodendrocytes and immature cells of the oligodendrocyte lineage, such as the 
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oligodendrocyte type 2 astrocyte progenitor, have been used for transplantation, OPs are 
more widely used. OPs are highly motile and are able to migrate from transplant sites to 
lesioned areas where they differentiate into mature myelin-forming oligodendrocytes and 
contribute to repair of demyelinated axons (see e.g., Groves et aL, Nature 362:453-55, 
5 1993; Baron-Van Evercooren et aL, Glia 76:147-64, 1996). OPs can be isolated using 
routine techniques known in the art (see e.g., Milner and French-Constant, Development 
720:3497-3506, 1994), from many regions of the CNS including brain, cerebellum, spinal 
cord, optic nerve and olfactory bulb. Substantially greater yields of OP's are obtained 
from embryonic or neonatal rather than adult tissue. OPs may be isolated from human 
10 embryonic spinal cord and cultures of neurospheres established. Human fetal tissue is a 
potential valuable and renewable source of donor OP's for future, long range 
transplantation therapies of demyelinating diseases such as MS. 

OPs can be expanded in vitro if cultured as "homotypic aggregates" or 
"spheres" (Avellana-Adalid et al, J. Neurosci. Res. 45:558-70, 1996). Spheres 
15 (sometimes called "oligospberes" or "neurospheres") are formed when OPs are grown 
in suspension in the presence of growth factors such as PDGF and FGF. OPs can be 
harvested from spheres by mechanical dissociation and used for subsequent 
transplantation or establishment of new spheres in culture. Alternatively, the spheres 
themselves may be transplanted, providing a "focal reservoir" of OPs (Avellana-Adalid 
20 et al, J. Neurosci. Res. 45:558-70, 1996). 

An alternative source of OP may be spheres derived from CNS stem 
cells. Recently, Reynolds and Weiss, Dev. Biol. 765:1-13, 1996 have described spheres 
formed from EGF-responsive cells derived from embryonic neuroepithelium, which 
appear to retain the pluripotentiality exhibited by neuroepithelium in vivo. Cells 
25 dissociated from these spheres are able to differentiate into neurons, oligodendrocytes 
and astrocytes when plated on adhesive substrates in the absence of EGF, suggesting 
that EGF-responsive cells derived from undifferentiated embryonic neuroepithelium 
may represent CNS stem cells (Reynolds and Weiss, Dev. Biol. 165:1-13, 1996). 
Spheres derived from CNS stem cells provide an alternative source of OP which may be 
30 manipulated in vitro for transplantation in vivo. Spheres composed of CNS stem cells 
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may further provide a nricroenvironment conducive to increased survival, migration, 
and differentiation of the OPs in vivo. 

The use of neurospheres for the treatment of MS may be facilitated by 
modulating agents that enhance cell migration from the spheres. In the absence of 
5 modulating agent, the cells within the spheres adhere tightly to one another and 
migration out of the spheres is hindered. Modulating agents that disrupt N-cadherin 
mediated cell adhesion as described herein, when injected with neurospheres into the 
central nervous system, may improve cell migration and increase the efficacy of OP 
replacement therapy. Neurosphere grafts may be implanted directly into the central 

10 nervous system along with the modulating agent(s) using standard techniques. 

Alternatively, a modulating agent may be administered alone or within a 
pharmaceutical composition. The duration and frequency of administration will be 
determined by such factors as the condition of the patient, and the type and severity of 
the patient's disease. Within particularly preferred embodiments of the invention, the 

15 peptidomimetic or pharmaceutical composition may be administered at a dosage 
ranging from 0. 1 mg/kg to 20 mg/kg, although appropriate dosages may be determined 
by clinical trials. Methods of administration include injection, intravenous or 
intrathecal {i.e., directly in cerebrospinal fluid). 

Effective treatment of multiple sclerosis may be evidenced by any of the 

20 following criteria: EDSS (extended disability status scale), appearance of exacerbations 
or MRI (magnetic resonance imaging). The EDSS is a means to grade clinical 
impairment due to MS (Kurtzke/ Neurology 33:1444, 1983), and a decrease of one full 
step defines an effective treatment in the context of the present invention (Kurtzke, Ann. 
Neurol 36:573-79, 1994). Exacerbations are defined as the appearance of a new 

25 symptom that is attributable to MS and accompanied by an appropriate new neurologic 
abnormality (Sipe et aL, Neurology 34:1368, 1984). Therapy is deemed to be effective 
if there is a statistically significant difference in the rate or proportion of exacerbation- 
free patients between the treated group and the placebo group or a statistically 
significant difference in the time to first exacerbation or duration and severity in the 

30 treated group compared to control group. MRI can be used to measure active lesions 
using gadolinium-DTPA-enhanced imaging (McDonald et aL Ann. Neurol 36:14, 1994) 
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or the location and extent of lesions using T 2 -weighted techniques. The presence, 
location and extent of MS lesions may be determined by radiologists using standard 
techniques. Improvement due to therapy is established when there is a statistically 
significant improvement in an individual patient compared to baseline or in a treated 
5 group versus a placebo group. 

Efficacy of the modulating agent in the context of prevention may be 
judged based on clinical measurements such as the relapse rate and EDSS. Other 
criteria include a change in area and volume of T2 images on MRI, and the number and 
volume of lesions determined by gadolinium enhanced images. 

1° Within a related aspect, the present invention provides methods for 

facilitating migration of an N-cadherin expressing cell on astrocytes, comprising 
contacting an N-cadherin expressing cell with (a) a cell adhesion modulating agent that 
inhibits cadherin-mediated cell adhesion, wherein the modulating agent comprises a 
peptidomimetic as provided herein; and (b) one or more astrocytes; and thereby 

15 facilitating migration of the N-cadherin expressing cell on the astrocytes. Preferred N- 
cadherin expressing cells include Schwann cells, oligodendrocytes and oligodendrocyte 
progenitor cells. 

Within another aspect, modulating agents as described herein may be 
used for modulating the immune system of a mammal in any of several ways. 

20 Cadherins are expressed on immature B and T cells (thymocytes and bone marrow pre- 
B cells), as well as on specific subsets of activated B and T lymphocytes and some 
hematological malignancies (see Lee et al., J. Immunol. 752:5653-5659, 1994; Munro et 
al., Cellular Immunol. 769:309-312, 1996; Tsutsui et al., J. Biochem. 720:1034-1039, 
1996; Cepek et al., Proc. Natl Acad Set USA £3:6567-6571, 1996). Modulating 

25 agents may generally be used to modulate specific steps within cellular interactions 
during an immu ne response or during the dissemination of malignant lymphocytes. 

For example, a modulating agent as described herein may be used to 
treat diseases associated with excessive generation of otherwise normal T cells. 
Without wishing to be bound by any particular theory, it is believed that the interaction 

30 of cadherins on maturing T cells and B cell subsets contributes to protection of these 
cells from programmed cell death. A modulating agent may decrease such interactions, 
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leading to the induction of programmed cell death. Accordingly, modulating agents 
may be used to treat certain types of diabetes and rheumatoid arthritis, particularly in 
young children where the cadherin expression on thymic pre-T cells is greatest. 

Modulating agents may also be administered to patients afflicted with 
5 certain skin disorders (such as cutaneous lymphomas), acute B cell leukemia and 
excessive immune reactions involving the humoral immune system and generation of 
immunoglobulins, such as allergic responses and antibody-mediated graft rejection. In 
addition, patients with circulating cadherin-positive malignant cells (e.g., during 
regimes where chemotherapy or radiation therapy is el imin ating a major portion of the 

10 malignant cells in bone marrow and other lymphoid tissue) may benefit from treatment 
with a peptidomimetic. Such treatment may also benefit patients undergoing 
transplantation with peripheral blood stem cells. 

Preferred modulating agents for use within such methods include those 
that disrupt E-cadherin and/or N-cadherin mediated cell adhesion, such as agents that 

15 comprise a peptidomimetic of a cyclic peptide as described above (e.g., N-Ac -CHAVC - 
Y-NH 2 (SEQ ID NO:81), N-Ac -CHAVDC -NHo (SEQ ID NO:20), N-Ac-CSiLWC-NH 2 
(SEQ ID NO:36) or N-Ac-CHA^C-NH 2 (SEQ ID NO: 10)). In addition, a preferred 
modulating agent may comprise one or more additional CAR sequences, such as the 
sequence RGD, which is bound by integrins, as well as CAR sequences for occludin, N- 

20 CAM, OB-cadherin, cadherin-5, cadherin-6 and cadherin-8. As noted above, such 
additional sequence(s) may be separated from the peptidomimetic via a linker. 
Alternatively, a separate modulator of integrin-mediated cell adhesion may be 
administered in conjunction with the modulating agent(s), either within the same 
pharmaceutical composition or separately. 

25 Within the above methods, the modulating agent(s) are preferably 

administered systemically (usually by injection) or topically. A peptidomimetic may be 
linked to a targeting agent As noted above, a modulating agent may further be linked to 
a targeting agent. For example, targeting to the bone marrow may be beneficial. A 
suitable dosage is sufficient to effect a statistically significant reduction in the population 

30 of B and/or T cells that express cadherin and/or an improvement in the clinical 
manifestation of the disease being treated. Typical dosages range as described above. 
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Within further aspects, the present invention provides methods and kits 
for preventing pregnancy in a ma m mal. In general, disruption of E-cadherin function 
prevents the adhesion of trophoblasts and their subsequent fusion to form 
syncitiotrophoblasts. In one embodiment, one or more modulating agents as described 

5 herein may be incorporated into any of a variety of well known contraceptive devices, 
such as sponges suitable for intravaginal insertion (see, e.g., U.S. Patent No. 5,417,224) 
or capsules for subdermal implantation. Other modes of administration are possible, 
however, including transdermal administration, for modulating agents linked to an 
appropriate targeting agent. Preferred modulating agents for use within such methods 

10 comprise a single peptidomimetic of a cyclic peptide as described above, such as N-Ac- 
CHAVC -Y-NH? (SEQ ID NO:81), N-Ac -CHAVDC -NKk (SEQ ID NO:20), N-Ac- 
CSHAVC -NH? (SEQ ID NO:36) or N-Ac-CH^C-NH 2 (SEQ ID NO: 10). In addition, 
a preferred modulating agent may comprise additional CAR sequences, such as the 
sequence RGD, which is bound by integrins. As noted above, such additional 

15 sequences may be separated from the peptidomimetic via a linker. Alternatively, a 
separate modulator of integrin-mediated cell adhesion may be administered in 
conjunction with the modulating agent(s), either within the same pharmaceutical 
composition or separately. 

Suitable methods for incorporation into a contraceptive device depend 

20 upon the type of device and are well known in the art. Such devices facilitate 
administration of the peptidomimetic(s) to the uterine region and may provide a 
sustained release of the peptidomimetic(s). In general, peptidomimetic(s) may be 
administered via a contraceptive device at a dosage ranging from 0.1 to 20 mg/kg, 
although appropriate dosages may be determined by monitoring hCG levels in the 

25 urine. hCG is produced by the placenta, and levels of this hormone rise in the urine of 
pregnant women. The urine hCG levels can be assessed by radio-immunoassay using 
well known techniques. Kits for preventing pregnancy generally comprise a 
contraceptive device impregnated with one or more peptidomimetics. 

Alternatively, a sustained release formulation of one or more 

30 peptidomimetics may be implanted, typically subdermally, in a mammal for the 
prevention of pregnancy. Such implantation may be performed using well known 
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techniques. Preferably, the implanted formulation provides a dosage as described 
above, although the minimum effective dosage may be determined by those of ordinary 
skill in the art using, for example, an evaluation of hCG levels in the urine of women. 

The present invention also provides methods for increasing 
5 vasopermeability in a mammal by administering one or more modulating agents or 
pharmaceutical compositions. Within blood vessels, endothelial cell adhesion 
(mediated by N-cadherin) results in decreased vascular permeability. Accordingly, 
modulating agents as described herein may be used to increase vascular permeability. 
Within certain embodiments, preferred modulating agents for use within such methods 
10 include peptides capable of decreasing both endothelial and tumor cell adhesion. Such 
modulating agents may be used to facilitate the penetration of anti-tumor therapeutic or 
diagnostic agents (e.g., monoclonal antibodies) through endothelial cell permeability 
barriers and tumor barriers. Preferred modulating agents for use within such methods 
comprise a single peptidomimetic of a cyclic peptide as described above, such as N-Ac- 
15 CHAVC-Y-NH 2 (SEQ ID NO:81), N-Ac-CHAVDC-NH 2 (SEQ ID NO.20), N-Ac- 
CSHAVC-NH 2 (SEQ ID NO:36) or N-Ac -CHAVC -NH, (SEQ ID NO: 10). In addition, 
a preferred modulating agent may comprise an occludin CAR sequence LYHY (SEQ ID 
NO: 55) and/or a CAR sequence for OB-cadherin or claudin. As noted above, such an 
additional sequence may be separated from the peptidomimetic via a linker. 
20 Alternatively, a separate modulator of occludin mediated cell adhesion may be 
administered in conjunction with one or modulating agents, either within the same 
pharmaceutical composition or separately. 

Within certain embodiments, preferred modulating agents for use within 
such methods include peptidomimetics capable of decreasing both endothelial and tumor 
25 cell adhesion. Such modulating agents may be used to facilitate the penetration of anti- 
tumor therapeutic or diagnostic agents (e.g., monoclonal antibodies) through endothelial 
cell permeability barriers and tumor barriers. For example, a modulating agent may 
comprise a peptidomimetic of a cyclic peptide having flanking E-cadherin-specific 
sequences and a peptidomimetic of a cyclic peptide having an HAV sequence with flanking 
30 N-cadherin-specific sequences. Alternatively, separate modulating agents capable of 
disrupting N- and E-cadherin mediated adhesion may be administered concurrently. 
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In one particularly preferred embodiment, a modulating agent is further 
capable of disrupting cell adhesion mediated by multiple adhesion molecules. Such an 
agent may additionally comprise an RGD sequence, a Dsc CAR sequence, a Dsg CAR 
sequence and/or the occludin CAR sequence LYHY (SEQ ID NO:55). Alternatively, a 
5 separate modulator of non-classical cadherin-mediated cell adhesion may be 
administered in conjunction with the modulating agent(s), either within the same 
pharmaceutical composition or separately. Fab fragments directed against any of the 
above CAR sequences may also be employed, either incorporated into a modulating 
agent or within a separate modulator that is administered concurrently. 
10 Treatment with a modulating agent may be appropriate, for example, 

prior to administration of an anti-tumor therapeutic or diagnostic agent (e.g., a 
monoclonal antibody or other macromolecule), an antimicrobial agent or an anti- 
inflammatory agent, in order to increase the concentration of such agents in the vicinity 
of the target tumor, organism or inflammation without increasing the overall dose to the 
15 patient. Modulating agents for use within such methods may be linked to a targeting 
agent to further increase the local concentration of modulating agent, although systemic 
administration of a vasoactive agent even in the absence of a targeting agent increases 
the perfusion of certain tumors relative to other tissues. Suitable targeting agents 
include antibodies and other molecules that specifically bind to tumor cells or to 
20 components of structurally abnormal blood vessels. For example, a targeting agent may 
be an antibody that binds to a fibrin degradation product or a cell enzyme such as a 
peroxidase that is released by granulocytes or other cells in necrotic or inflamed tissues. 

Administration via intravenous injection or transdermal administration is 
generally preferred. Effective dosages are generally sufficient to increase localization 
25 of a subsequently administered diagnostic or therapeutic agent to an extent that 
improves the clinical efficacy of therapy of accuracy of diagnosis to a statistically 
significant degree. Comparison may be made between treated and untreated tumor host 
animals to whom equivalent doses of the diagnostic or therapeutic agent are 
administered. In general, dosages range as described above. 
30 Within a further aspect, modulating agents as described herein may be 

used for controlled inhibition of synaptic stability, resulting in increased synaptic 
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plasticity. Within this aspect, administration of one or more modulating agents may be 
advantageous for repair processes within the brain, as well as learning and memory, in 
which neural plasticity is a key early event in the remodeling of synapses. Cell 
adhesion molecules, particularly N-cadherin and E-cadherin, can function to stabilize 
5 synapses, and loss of this function is thought to be the initial step in the remodeling of 
the synapse that is associated with learning and memory (Doherty et al., J. 
Neurobiology, 26:437-446, 1995; Martin and Kandel, Neuron, 77:567-570, 1996; 
Fannon and Colman, Neuron, 77:423-434, 1996). Inhibition of cadherin function by 
administration of one or more modulating agents that inhibit cadherin function may 
10 stimulate learning and memory. 

Preferred modulating agents for use within such methods include those 
that disrupt E-cadherin and/or N-cadherin mediated cell adhesion, such as agents that 
comprise a single peptidomimetic of a cyclic peptide as described above (e.g., N-Ac- 
CHAVC -Y-NHi (SEQ ID NO:81) 3 N-Ac -CHAVDC -NH, (SEQ ID NO.20), N-Ac- 
15 CSHAVC -NH? (SEQ ID NO:36) or N-Ac-CHAVC-NH 2 (SEQ ID NO:10)). In addition, 
a preferred modulating agent may comprise one or more non-classical cadherin CAR 
sequences, such as the sequence RGD, which is bound by integrins, the N-CAM CAR 
sequence KYSFNYDGSE (SEQ ID NO: 53) and/or a cadherin-related neuronal receptor 
CAR sequence. As noted above, such additional sequence(s) may be separated from 
20 the peptidomimetic via a linker. Alternatively, a separate modulator of integrin and/or 
N-CAM mediated ceil adhesion may be administered in conjunction with the 
modulating agent(s), either within the same pharmaceutical composition or separately. 
For such aspects, administration may be via encapsulation into a delivery vehicle such 
as a liposome, using standard techniques, and injection into, for example, the carotid 
25 artery. Alternatively, a modulating agent may be linked to a disrupter of the blood-brain 
barrier. In general dosages range as described above. 

Within further aspects, peptidomimetics may be used to facilitate cell 
identification and sorting in vitro or imaging in vivo, permitting the selection of cells 
expressing different cadherins (or different cadherin levels). Preferably, the 
30 peptidomimetic(s) for use in such methods are linked to a detectable marker. Suitable 
markers are well known in the art and include radionuclides, luminescent groups, 
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fluorescent groups, enzymes, dyes, constant immunoglobulin domains and biotin. 
Within one preferred embodiment, a peptidomimetic linked to a fluorescent marker, 
such as fluorescein, is contacted with the cells, which are then analyzed by fluorescence 
activated cell sorting (FACS). 

The following Examples are offered by way of illustration and not by 
way of limitation. 
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EXAMPLE 1 
Preparation of Representative Cyclic Pep tides 

This Example illustrates the solid phase synthesis of representative 
5 cyclic peptides. 

Peptides were generally assembled on methylbenzhydrylamine resin 
(MBHA resin) for the C-tenninal amide peptides. The traditional Merrifield resins were 
used for any C-terminal acid peptides. Bags of a polypropylene mesh material were 
filled with the resin and soaked in dichloromethane. The resin packets were washed 
10 three times with 5% cmsopropylemylamine in dichloromethane and then washed with 
dichloromethane. The packets are then sorted and placed into a Nalgene bottle 
containing a solution of the amino acid of interest in dichloromethane. An equal 
amount of dusopropylcarbodiimide (DIC) in dichloromethane was added to activate the 
coupling reaction. The bottle was shaken for one hour to ensure completion of the 
15 reaction. The reaction mixture was discarded and the packets washed with DMF. The 
N-cc-Boc was removed by acidolysis using a 55% TEA in dichloromethane for 30 
minutes leaving the TEA salt of the cc-amino group. The bags were washed and the 
synthesis completed by repeating the same procedure while substituting for the 
corresponding amino acid at the coupling step. Acetylation of the N-terminal was 
20 performed by reacting the peptide resins with a solution of acetic anhydride in 
dichloromethane in the presence of dusopropylemylamine. The peptide was then side- 
chain deprotected and cleaved from the resin at 0°C with liquid HF in the presence of 
anisole as a carbocation scavenger. 

The crude peptides were purified by reversed-phase high-performance 
25 liquid chromatography. Purified linear precursors of the cyclic peptides were 
solubilized in 75% acetic acid at a concentration of 2-10mg/mL. A 10% solution of 
iodine in methanol was added dropwise until a persistent coloration was obtained. A 5% 
ascorbic acid solution in water was then added to the mixture until discoloration. The 
disulfide bridge containing compounds were then purified by HPLC and characterized 
30 by analytical HPLC and by mass spectral analysis. 
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N-Ac-CHAVC-NH 2 (SEQ ID NO:10) was synthesized on a 396-5000 
Advanced ChemTech synthesizer using a Rink resin (4-(2',4 , -Dimethoxyphenyl-Fmoc- 
aminomethyl)-phenoxy resin), which provided C-terminal amides using Fmoc 
chemistries. The Fmoc protecting group on the resin was removed with piperidine and 

5 coupling of the amino acids to the resin initiated. Two coupling reactions in NMP (N- 
methylpyrrolidinone) per amino acid were performed. The first coupling was carried out 
using DIC (dusopropylcarbodiimide) and the second coupling used HBTU (O- 
benzotriazole-N,HN',N',-tetramethyluronium hexafluorophosphate) in the presence of 
DIPEA (diisopropylethylamine). Both couplings were done in the presence of HOBt 

10 (hydroxybenzotriazole) with the exception of histidine and the final cysteine. The trityl 
protecting group of the imidazole side chain of histidine is not stable in the presence of 
HOBt. Acetylation of the free amine on the N-terminus was carried out with acetic 
anhydride in NMP in the presence of DIPEA The linear peptide was then cleaved from 
the resin with TEA in dichloromethane. This procedure also removed the trityl protecting 

15 group on the imidazole side chain of histidine. The crude linear peptide amide was then 
cyclized using chlorosilane-sulfoxide oxidation method to give the disulfide peptide. The 
crude cyclic peptide was purified using reverse-phase liquid chromatography. N-Ac- 
CHAVC-Y-NH 2 (SEQ ID NO:81) and N-Ac-CHAVDC-NH 2 (SEQ ID NO:20) were 
synthesized using the same procedure, except that the cleavage cocktail (TFA, 

20 Dichloromethane) will also remove the OtBu protecting group of tyrosine. 

EXAMPLE 2 

(Oration of Thr^-Dimensio n al Structures of Representative Cyclic Peptides 

This Example illustrates the use of Nuclear Magnetic Resonance 
techniques to determine the three-dimensional structure of the representative cyclic 
25 peptides N-Ac -CHAVC -NH, (SEQ ID NO: 10), N-Ac-CHAVDC-NH 2 (SEQ ID NO.20), 
N-Ac-CHAVC-Y-NH 2 (SEQ ID NO:81) and N-Ac -CSHAVC -NH 2 (SEQ ID NO:36). 

The 3-dimensional structure of N-Ac-£HAYC-NH 2 (SEQ ID NO:10) was 
determined using Nuclear Magnetic Resonance (NMR) techniques combined with 
molecular modelling. Experiments were performed using either a Bruker Avance-800 or 
30 Bruker Avance-500 NMR spectrometer equipped with pulse field gradient units. NMR 
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data acquisition was carried out in aqueous systems that closely mimic physiological 
conditions. More specifically, all samples were analyzed in buffer containing 20mM 
NaP0 4 , 0.2mM EDTA, 150 mM NaCl and 10% D 2 0, with the pH adjusted to 6.8 both 
before and after the addition of DMSO-ck. The final volume inside the NMR tube was 
5 500^iL. The ratio of DMSO:buffer was 2:1 (333 |aL DMSO: 166.67 nL Buffer/10% 
D 2 0; pH 6.8). Data acquisition for N-Ac-OWC-NH 2 (Seq ID NO:10) was carried out 
at 28 8K using the Bruker AMX-800 NMR spectrometer. Data acquisition for N-Ac- 
CHAVC -Y-NH, (SEQ ID NO:81) was carried out at both 278K and 288K using the 
Bruker Avance-500 NMR spectrometer, and data acquisition for N-A oCHAVDC -NH? 

10 (SEQ ID NO:20) was carried out at 278K. Data was collected at two different 
temperatures for this compound in an attempt to remove the degeneracy observed at 
288K with the NH proton of valine and the He 1 ring proton of histidine and thus remove 
any ambiguity to the subsequent assignment. As the degeneracy was not affected by the 
temperature change, the data acquired at 288K was used for the proton assignment. Data 

15 acquisition for N-Ac -CSHAVC -NH? (SEQ ID NO:36) was carried out at 288K and at 
278K using the Bruker Avance-800 NMR spectrometer. Data was collected at the lower 
temperature in an attempt to increase the number of crosspeaks in the NOES Y spectra. A 
greater number of crosspeaks were observed in the NOESY spectral data acquired at 
278K and this data set was used for the proton assignment and structure determination. 

20 The concentration of compound present in the NMR tube was dependent on whether or 
not aggregation was present as observed by visual inspection of the solution or via 
changes to the *H NMR spectrum. Therefore *H NMR were run at various decreasing 
concentrations until no further changes to the spectrum were observed. The concentration 
used for N-A0CTLWC-NH2 (SEQ ID NO: 10) was 8mM, the concentration used for N- 

25 Ac-OiAVC-Y-NH2 (SEQ ID NO:81) was 2mM, the concentration used for N-Ac- 
CHAVDC-NH7 (SEQ ID NO:20) was ImM and the concentration used for N-Ac- 
CSHAVC -NH? (SEQ ID NO:36) was ImM. As some changes to the *H NMR spectra 
of N-Ac -CHAVC -NH? (SEQ ID NO: 10) were observed with decreasing concentration, 
2D-NMR (Le., NOESY, DQF-COSY and TOCSY) experiments with N-Ac-CTLWC-NH 2 

30 (SEQ ID NO: 10) were also carried out at 2mM. The concentration effects observed in 
the *H NMR spectra of N-Ac-OEI^C-NH2 (SEQ ID NO: 10) did not influence the 3-D 
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structure determined at 2mM, as the latter was virtually identical to that obtained when 
the NMR experiments were carried out at 8mM. 

The water solvent resonance was suppressed by using the WATERGATE 
procedure (Piotto et al., J Biomol NMR 2:661-665, 1992). A purging field gradient pulse 
5 and a water flipback pulse were applied at the end of the mixing period for NOESY, 
ROESY and TOCSY experiments to maintain water at equilibrium conditions. These 
special pulse sequences help minimize the loss of resonance intensities of fast exchanging 
NH protons at neutral pH conditions (Fulton et al., J. Biomol NMR 5:213-218, 1996). 
Sine modulation along the tl -dimension was applied with an initial tl delay adjusted so 

10 that the zero and first-order phase corrections along Fl were 90 and 0 degrees 
respectively (Ni, J. Magn. Reson. 96:65 1-656, 1992). The mixing times were 100 and 
200 ms at 800 MHz for NOESY experiments and 71.28ms for TOCSY experiments with 
the TOWNY-16 mixing sequence (Kadkhodaei et al., J. Magn. Reson. ^4/05: 104-107, 
1993). The mixing times were 150 and 250 ms at 500 MHz for NOESY experiments and 

15 70 ms for TOCSY experiments with the TOWNY-1 6 mixing sequence (Kadkhodaei et al., 
X Magn. Resort ^4705:104-107, 1993). Typically, the FID data were acquired with 2048 
data points for each FID with 256 and 512 tl -increments with the 800 MHz instrument 
and 512 and 1024 tl -increments with the 500 MHz instrument. All NMR data were 
processed using spectrometer software. Baseline corrections were applied to the NOESY, 

20 ROESY and TOCSY spectra using the standard Bruker polynomial method. 

The sequence-specific assignments of the proton resonances were 
accomplished by use of standard methods (see Wuthrich, NMR of Proteins and Nucleic 
Acids, Wiley & Sons, New York, 1986). That is, each spin system was identified by 
COSY and TOCSY NMR data and then these identified spin systems were sequentially 

25 assigned based on the NOE connectivities. All of the spin systems were observed in the 
NH region of the TOCSY spectrum with a mixing time of 70 ms (500MHz TOCSY 
experiment) or 71.28 ms (800MHz TOCSY experiment). Spectral assignment was 
carried out by a combination of TOCSY and NOESY spectra starting from the 
resonance signals of valine and alanine. The spin systems of the valine and alanine 

30 residues were assigned based on the presence of strong NOEs between the NH protons 
of these amino acids to their corresponding side chain (i.e., Cp-methyl of alanine and 
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Cp and Cy of valine) and from the TOCSY spectra. The proton chemical shifts were 
obtained from the TOCSY spectra. 

The 3 JCctNH coupling constants were calculated using the method of 
Kim and Prestegard (J. Magn. Reson. 89:9-13, 1989) in which the anti-phase COSY 
5 patterns were produced by an Fl-inphase COSY experiment. The COSY and TOCSY 
spectra were extended by linear prediction from 256 to 512 points in the tl dimension 
and zero-filling on two dimensions to obtain a final spectrum with a size of 32k (F2) by 
IK (Fl). For each cross peak, several (typically 5-10) traces along Fl were co-added to 
reduce noise prior to fitting, which was possible as a result of the in-phase absorption 
10 pattern of the cross peaks along the Fl dimension in the Fl in-phase COSY spectra. In 
the fitting procedure, spectrum A was generated by convoluting the COSY-type anti- 
phase absorption peaks with an in-phase stick doublet of separation Jtrial. Spectrum B 
was produced by convoluting the corresponding TOCSY multiplet with an anti-phase 
stick doublet of the same interval. The RMS value of the difference between spectrum 
15 A and B is minimum when Jtrial = 3 JCaNH. 

For the conformational calculations of N-Ac -CHAVC -NH ? (SEQ ID 
NO: 10), N-Ac-CHAVC-Y-NH 2 (SEQ ID NO:81) and N-Ac -CHAVDC -NH, (SEQ ID 
NO:20), the NOE cross peaks were characterized as strong medium or weak as determined 
from the number of contours and converted to distance upper bounds of 2.7, 3.7 and 5.0 
20 angstroms respectively. However, a uniform distance upper and lower bounds of 1.8-5.0 
angstroms regardless of the NOE intensities was used in the initial structural calculations. 
For N-Ac -CSHAVC -NH 2 (SEQ ID NO:36), the intensity of the crosspeak was estimated 
by integrating the crosspeak volume. In this case, the uniform distance upper and lower 
bounds of 1.8-5.0 angstroms was maintained in all calculations and a ± 5% range was 
25 assigned to each crosspeak volumes and used in the initial structural calculations. The 
NOE distances were refined iteratively through a comparison of computed and 
experimental NOEs at the various mixing times. This was performed in a manner similar to 
the PEPFLEX-n procedure (Wang et al., Techniques in Protein Chemistry IV, 1993, 
Evaluation of NMR Based Structure Determination for Flexible Peptides: Application to 
30 Desmopressin p. 569), except that initial NOE-based distances with very loose upper 
bounds (5 angstroms) were used to guarantee the generation of a more complete set of 
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conformations in agreement with experimental data. In the structure calculations for N-Ac- 
CSHAVC -NEfe (SEQ ID NO:36), the refinement was achieved using both distance 
constraints and via automated NOE intensity comparison. Dihedral-angle constraints were 
derived from the values of the 3 JCaH coupling constants. A tolerance value of 40 degrees 
5 was added to each of the dihedral angle constraints to account for the conformational 
flexibility of the peptide. Distance geometry calculations were carried out using fixed bond 
lengths and bond angles provided in the ECEPP/2 database (Ni et al., Biochemistry 
37:11551-11557, 1989). The ©-angles were fixed at 180 degrees, but all other dihedral 
angles were varied during structure optimization. Structures with the lowest constraint 
10 violations were subjected to energy minimization using a distance-restrained Monte Carlo 
method (Ripoll and Ni, Biopolymers 32:359-365, 1992; Ni, J. Magn. Reson 570(5:147-155, 
1995), and modified to include the ECEPP/3 force field (Ni et al., J. Mol Biol. 252:656- 
671, 1995). All ionizable groups were treated as charged during constrained Monte Carlo 
minimization of the ECEPP/3 energy. Electrostatic interactions among all charges were 
15 screened by use of a distance-dependent dielectric to account for the absence of solvent 
effects in conformational energy calculations. In addition, hydrogen-bonding interactions 
were reduced to 25% of the full scale while van der Waals and electrostatic terms were kept 
to full strengths. These special treatments help to ensure that the conformational search was 
guided primarily by the experimental NMR constraints and that the computed 
20 conformations were less biased by the empirical conformational energy parameters (Warder 
etaL,FEBSLett. 4UA9-26, 1997). 

Low-energy conformations of the peptide from Monte Carlo calculations 
were used in NOE simulations to identify proximate protons with no observable NOEs 
and sets of distance upper bounds that warrant recalibration. The refined set of NOE 
25 distances including distance lower bounds derived from absent NOEs were used in the 
next cycles of Monte Carlo calculations until the resulting conformations produced 
simulated NOE spectra close to those observed experimentally (Ning et al., 
Biopolymers 34:1125-1137, 1994; Ni et al., J. Mol. Biol 252:656-671, 1995). 
Theoretical NOE spectra were calculated using a methyl group correlation time of 25.0 
30 ps and an overall correlation time of 1000.0 ps based on the molecular weight of the 
peptide and the experimental temperature (Cantor and Schimmel, Biophysical 
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Chemistry, W H. Freeman & Co., San Francisco, 1980). All candidate peptide 
conformations were included with equal weights in an ensemble-averaged relaxation 
matrix analysis of interconverting conformations (Ni and Zhu, J. Magn. Reson. 
5702:180-184, 1994). NOE simulations also incorporated parameters to account for the 

5 effects of incomplete relaxation decay of the proton demagnitizations (Ning et aL, 
Biopolymers 34:1125-1137, 1994). The computed NOE intensities were converted to 
the two-dimensional FID's (Ni, J. Magn. Reson. 5706:147-155, 1995) by use of an in- 
house program, GFBDSJ, using the chemical shift assignments, estimated linewidths 
and coupling constants for all resolved proton resonances. The program GFIDSJ 

10 converts the computed NOE intensities to the two-dimensional theoretical FIDs by 
inclusion of resonance splitting and peak intensities in lineshape calculation. The NMR 
parameters such as lineshape function, spectral width and proton assignments were 
supplied to the program. Two-dimensional processing of the data converted the 
theoretical FIDs to NOESY spectra. The following window functions were used: 

15 shifted 90 degrees sine square along F2 and Kaiser window along Fl. Water 
suppression and baseline correction were not necessary. Calculated FIDs were 
converted to simulated NOESY spectra using identical processing procedures as used 
for the experimental NOE data sets. 

These experiments allowed the determination of the 3-D conformation of 

20 N-Ac -CHAVC -NH? (SEQ ID NO: 10). The high resolution molecular map of the 
pharmacophore of N-Ac-CH^£-NH 2 (SEQ ID NO:10) is shown in Figures 7A-7C. 
There are three low energy conformations, which are all depicted in Figures 7A-7C 
(Structure 1, Structure 2 and Structure 3). The co-ordinates for these three low energy 
conformations are given in Appendix 1. 

25 NMR data collected in a similar manner for N-Ac -CHGVC -NH? (SEQ 

ID NO: 11) indicated that there was too much conformational freedom to be able to 
determine a preferred 3-D structure. 

The above process with the exceptions noted above was repeated for N- 
Ac -CHAVC -Y-NH, (SEQ ID NO:81), N-AC -CHAVPC -NH2 (SEQ ID NO:20) and N- 

30 Ac -CSHAVC -NH? (SEQ ID NO:36). The high resolution molecular map of the 
pharmacophore of N-Ac-iCH^C-Y-NH 2 (SEQ ID NO:81) is shown in Figures 9A-9D, 
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each of which depicts one of the four low energy conformations. The co-ordinates for 
these four low energy conformations are given in Appendix 2. The high resolution 
molecular map of the pharmacophore of N-Ac-CHAVDC-NHo (SEQ ID NO:20) is 
shown in Figures 20A-20D, each of .which depicts one of the four low energy 
5 conformations. The co-ordinates for these low energy conformations are given in 
Appendix 3. The high resolution molecular map of the pharmacophore of N-Ac- 
CSHAVC-NH 2 (SEQ ID NO:) is shown in Figures 32A-32B, each of which depicts one 
of the low energy conformations. The co-ordinates for these low energy conformations 
are given in Appendix 4. 

10 

EXAMPLE 3 
Identification of Pep tidomimetics 

This Example illustrates the use of cyclic peptide pharmacophores to 
identify peptidomimetics. 

i5 Certain peptidomimetics were identified based on a visual inspection of 

the N-Ac-CHAVC-NH 2 (SEQ ID NO: 10) pharmacophore. From Figures 8 A and 8B 
(which compare the that the N-Ac-CHAVC-NH 2 (SEQ ID NO: 10) pharmacophore with 
the x-ray crystal structure of the HAV sequence in N-cadherin), it is apparent that the 
hydrophobic valine could be replaced with unnatural amino acids carrying bulky 

20 groups, such as that found in compound 1 (Figure 11). This is expected to restrict 
rotation of the amide bonds, and possibly eliminate the need for cyclization. 
Alternatively the hydrophobic valine residue can be incorporated into a cyclic rigid 
structure such as that found in compounds 2 and 3 (Figure 11). 

25 EXAMPLE 4 

Identification of Further Peptidomimetics 

This Example illustrates the identification of peptidomimetics by 
comparing the three-dimensional structure of a candidate compound with a cyclic 
peptide pharmacophore. 
30 The analysis of the solution conformation of N-Ac-CHAVC-NHo 

indicated that a suitable peptidomimetic could be designed based on the cyclization 
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shown in Figure 12 A. Compound 4 was designed and its low energy conformation 
determined using the CHARMM molecular mechanics and molecular dynamics program. 
The HP3P water model was used to represent water molecules. Superimposition of the 
low energy conformation of compound 4 and N-Ac -CHAVC -NB? (Figure 12C; SEQ ID 
5 NO: 10) indicates that there is a good overlap between the crucial binding elements in the 
peptidomimetic and N-Ac-CH^C-NH 2 (SEQ ID NO: 10). 

EXAMPLE 5 
Identification of No n-Peptidyl Peptidomimetics 

10 This Example illustrates the identification of non-peptidyl 

peptidomimetics by comparing the three-dimensional structures of databases of 
candidate compounds with a cyclic peptide pharmacophore. 

Within the database searches, the first three pharmacophore models used 
were the three three-dimensional structures of N-Ac-CHAVC-NHo (SEQ ID NO: 10), 

15 shown in Figures 7A-7C, as determined from its solution structure. 

A total of five pharmacophore queries were derived from these three- 
dimensional structures (see Figures 14B and 14C). Two databases were searched. The 
National Cancer Institute (NCI) 3D-database contains nearly half a million compounds 
that have been tested for activity against various forms of cancer. Three-dimensional 

20 structures were generated for each compound in this database using molecular 
modelling. The NCI database was converted to a 3D-database using the program 
CONCORD (RS Pearlman, Chem. Des. Auto. News 2:1-6, 1987) and Chem-X. 
Initially, 2D coordinates of each compound in the database were converted using 
CONCORD into 3D coordinates. It is of note that only a single conformation was 

25 generated for each compound using the CONCORD program. The resulting 3D 
structures were used to generate a 3D-database using the database-building module 
within the Chem-X program, and multiple conformations were generated and stored in 
the database (Milne et al., X Chem. Inf. Comput Sci. 34:1219-1224, 1994). 

The second database used was the Available Chemical Database (ACD), 

30 which contained 255,153 unique chemicals from 543 supplier catalogues, including 
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about 50,000 compounds which are known drugs. The entire ACD database was also 
converted into 3-D conformations for searching using the Chem-X program. 

The Chem-X program, running on a Silicon Graphics Indigo2 R10000, 
was used to carry out 3D-database pharmacophore searching. A maximum of 3 million 
5 conformations for a single compound were searched. Searching was carried out on both 
NCI and ACD databases. There were no significant structural overlaps between the two 
databases. The actual pharmacophore search involved 3 steps. The first step was 
distance bit screening, which determined whether pair-wise distance constraints 
specified in the pharmacophore were met, using the distance information stored in the 

10 three-dimensional database. After a compound passed the distance bit screening step, 
the program next checked whether the compound meets the substructural requirements 
as specified in the pharmacophore query. In this step, all substructures specified in the 
model were required to be met. After a compound passed this sub-structural check, it 
was finally subjected to conformational analysis. In this step, conformations were 

15 generated and evaluated with regard to geometric requirements specified in the 
pharmacophore query. Compounds that had at least one conformation satisfying the 
geometric requirements were considered 'hits' and were recorded in a result database. 
Approximately five thousand compounds met the requirements of the pharmacophore 
models. A number of additional criteria were used in the selection of the compounds 

20 for biological evaluation such as simple chemical structure, small molecular weight, 
nonpeptidyl, chemical structural diversity and sample availability. Applying these 
criteria, 269 compounds were, selected as potential cadherin inhibitors (Figures 15A- 
15BG; compounds 13-282). 

A similar database search was performed using the pharmacophore queries 

25 derived from the three-dimensional structures for N-Ac-CHMC-Y-T^Ha (SEQ ID NO:81) 
(see Figure 16). This search identified compounds 283-311 (Figures 17A-17S). 

A similar database search was performed using the pharmacophore 
queries derived from the three-dimensional structures for N-Ac -CHAVC -NHo (SEQ ID 
NO: 10) as illustrated in Figures 14B and 14C. This search identified compounds 345- 

30 464 (Figures 21-23). 
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A similar database search was performed using the pharmacophore 
queries (Figure 28) derived from the three-dimensional structures for N-Ac -CHAVC -Y- 
NH 2 (SEQ ID NO: 81). This search identified compounds 465-481 (Figure 29). 

A similar database search was performed using the pharmacophore queries 
5 (Figure 30) derived from the three-dimensional structures for N-Ac-CHAVDC-NHo 
(SEQ ID NO.20) . This search identified compounds 482- 593(Figures 31A-3 1AI). 

EXAMPLE 6 
Effects of Pe ptidomi metics on Neurite Outgrowth 

10 This Example illustrates the effect selected non-peptidyl cadherin 

antagonists on neurite outgrowth. 

Cell culture and neurite outgrowth assays. Co-cultures of cerebellar 
neurons on monolayers of control 3T3 cells and monolayers of transfected 3T3 cells 
that express physiological levels of chick N-cadherin or human LI were established as 

15 previously described (Williams et al, Neuron 73:583-594, 1994). In brief, 80,000 3T3 
cells (control and transfected) were plated into individual chambers of an eight-chamber 
tissue culture slide coated with poly lysine and fibronectin and cultured in DMEM/10% 
FCS. After 24 hours, when confluent monolayers had formed, the medium was 
removed and 3000 cerebellar neurons isolated from post-natal day 2-3 rats were plated 

20 into each well in SATO media (Doherty et al., Nature 343:464-466, 1990) 
supplemented with 2% FCS. All of the test peptides were added immediately before 
the neurons as a 2X stock prepared in SATO / 2% FCS. The co-cultures were 
maintained for 16-18 hours, at which time they were fixed and immunostained for 
GAP-43, which is present only in the neurons and delineates the neuritic processes. 

25 The mean length of the longest neurite per cell was measured for 150-200 neurons 
sampled in replicate cultures as previously described (Williams et al., Neuron 73:583- 
594, 1994). The percentage inhibition of neurite outgrowth at various peptide 
concentrations was calculated as the average of at least three independent experiments. 
Dose-response curves were evaluated and the EC 50 values determined. 

30 All compounds tested are available commercially from Bionet Research 

Ltd (Cornwall, UK), Aldrich Chemical Co. Inc. (Milwaukee, WI) or Ryan Scientific 
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Inc. (Isle of Palms, SC). They were dissolved in DMSO at a concentration of 25mg/mL 
and diluted with media to carry out the assay. 

Effects of Peptidomimetics on N-cadherin function. The ability of certain 
of the non-peptidyl cadherin antagonists shown in Figures 11, 13, 15A-15BQ 17A-17J, 
5 18A-18E and 19A-19E to inhibit neurite outgrowth was tested as described above. As 
can be seen in Table 2, these compounds are effective modulators of N-cadherin function. 

Table 2 

Percent Inhibition of Neurite Outgrowth by Representative Pep tidomimetics 
10 , 



Compound No. 


Percent I 
At 0.4 ug/mL 


inhibition of Neurite Oi 
At 2 ug/mL 


jtgrowth 

At 10 ug/mL 


59 


95.6 






65 


85.5 






181 


61.8 






13 


52.4 


70.0 




25 


35.0 


95.3 




70 


25.4 


55.0 




109 




60.9 




66 


15.9 


84.4 




30 




58.3 




184 




51.8 




47 




15.2 


101.0 


35 




13.1 


90.2 


31 




34.3 


61.6 


176 




33.7 


64.2 



EXAMPLE 7 

Use of Representative Pep tidomim etics to Decrease Electrical Resistance 

Across MDCK Cells 

15 This example illustrates the use of representative peptidomimetics to 

disrupt adhesion of MDCK cells as measured by a decrease in the electrical resistance 
across the monolayer. 
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Madin Darby canine kidney (MDCK) cells were plated in Millicells 
(Miilipore, Bedford, MA), at a density of 300,000 cells per Millicell, and cultured in 
Dulbecco's Modified Eagle Medium (DMEM; Sigma, St. Louis, MO) containing 5% 
fetal calf serum (Sigma, St. Louis, MO) until monolayers foimed. Monolayers were 
5 exposed to the modulating agent dissolved in medium. The electrical resistance was 
measured using the EVOM device (World Precision Instruments, Sarasota, FL). At the 
time of measurement, fresh medium, with or without the modulating agent, may be 
added to the Millicells. 

Table 3 provides the approximate ED50 values for which various 
10 peptidomimetics were able to abolish electrical resistance across MDCK cell 
monolayers cultured for 18 hours in medium containing the various peptidomimetics. 
These results demonstrate the ability of peptidomimetics to inhibit the formation of 
tight junctions in epithelial cells. 

15 Table 3 

Effects of Peptidomimetics on Electrical Resistance across MDCK Cell Monolayer 



Compound Number 


ED50 (Hg/ml) 


76 


4-8 


84 


10 


102 


10 


101 


10-40 


103 


10-40 


65 


40 


82 


50-100 


86 


50-100 


87 


50-100 


184 


80-100 



From the foregoing, it will be evident that although specific 
20 embodiments of the invention have been described herein for the purpose of illustrating 
the invention, various modifications may be made without deviating from the spirit and 
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scope of the invention. Accordingly, the present invention is not limited except as by 
the appended claims. 

EXAMPLES 

5 Identification of Thioether Analogues of N-Ac-CHAVC-NH 2 

This Example illustrates the identification of three thioether analogues 
(Figures 24A-24C) of N-Ac-CHME-NH 2 (SEQ ID NO: 10), designed by comparing 
the three-dimensional NMR structures of N-Ac-CH^C-NH 2 (SEQ ID NO: 10) with 
the modeled 3D conformations of the thioethers. 

10 Modeling studies were used to predict the conformations of potential 

thioether analogues of N-Ac-CHA^-NH 2 (SEQ ID NO: 10). All the molecular 
modeling studies were carried out using the QUANTA molecular modeling package and 
its associated molecular mechanics program CHARMM (Brooks, B. R.; Bruccoleri, R. 
E.; Olafson, B. D.; States, D. J.; Swaminathan, S.; Karplus, M. CHARMM: A program 

15 for macromolecular energy minimization and dynamics calculations. J. Comput. Chem. 
1983, 4, 187-217), running on an SGI workstation with IRIX6.5. 

The initial structures of the thioethers were built using the Sequence 
Builder module within the QUANTA package. Each structure was then energy 
minimized. An adopted-basis Newton-Raphson alogorithm, implemented in the 

20 CHARMM program, was used in the energy minimization. Energy was min imiz ed for 
5000 steps, or until convergence, defined as an energy gradient tolerance of 0.001 kcal 
mof 1 A" 1 or less. A constant dielectric was used throughout the calculation and set to 
either 1 to mimic the vacuum environment or 80 to mimic the water environment, 
respectively. The non-bonded cutoff distance was set to 14.0 A. A shifted smoothing 

25 function was used for the van der Waals interaction and a switch function for the 
electrostatic energy. 

To properly sample the conformational space of these compounds, high- 
temperature (HT) molecular dynamics (MD) simulation was used. In the MD 
simulation, the system was heated to 1000K in a period of 10 ps and equilibrated for 

30 lOps at 1000K Finally, a constant temperature dynamics simulation was performed for 
10,000 ps at 1000K with a time step of 0.001 ps. The simulation trajectory was recorded 
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every 1000 steps during the final 1000 ps simulations and a total of 1000 conformers 
were recorded. A SHAKE algorithm was used to constrain bonds to hydrogen. 

For each MD simulation, each of these 1000 conformers was energy- 
minimized. These energy-minimized conformers were clustered by calculating the pair- 
5 wise RMS differences between structures using a least square-fitting algorithm as 
implemented in the conformational analysis module in the QUANTA program. The 
conformer with the lowest energy within each cluster was selected to represent the 
conformational cluster and used to compare its molecular similarities with the 
experimental NMR structures as seen in Figures 7A-7C. 
10 111 order to validate our modeling technique, molecular modeling was 

used to predict the low energy 3D conformations of N-Ac-CHAYC-NHz (SEQ ID 
NO: 10) The calculated conformations were then compared to the solution 3D 
conformations of N-Ac-£HA¥C-NH 2 (SEQ ID NO: 10) obtained using the NMR 
techniques described above. Two different criteria were used to cluster the conformers. 
15 Either a RMS deviation of 2.0 A for all heavy atom pairs was set as the criterion for 
clustering the conformers or a RMS deviation of 1.5 A for all heavy atoms in the HAV 
sequence was set as the criterion for clustering the conformers. In each cluster, the 
lowest-energy conformer was selected to represent the cluster. The potential energy 
values as well as the energy difference between the corresponding conformer and the 
20 lowest-energy conformer (global ininimum) of all the conformers was calculated using 
the CHARMM program. 

A total of 4 different groups of conformers were obtained for N-Ac- 
CHAVC-NH 2 (SEQ ID NO: 10) due to both the use of two dielectric constants and the 
two different clustering criteria. These are given in Tables 4a-4d respectively 

25 
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Table 4a 



Conformer group A of modeled N-Ac-CHAVC-NH 2 



No 


Conformers 


^(kcalmor 1 ) 


AEGccalmol' 1 ) 


1 


124 


-186.68 


10.32 


2 


163 


-185.06 


11.94 


3 


171 


-197.00 


.00 


4 


198 


-187.46 


9.54 


5 


27 


-178.68 


18.32 


6 


309 


-184.39 


12.61 


7 


510 


-185.12 


11.88 


8 


616 


-193.92 


3.08 


9 


765 


-191.89 


5.11 


10 


786 


-189.66 


7.34 


11 


792 


-188.74 


8.26 


12 


917 


-186.63 


10.37 



Conformers in this table were energy-minimized using a dielectric 
constant of 1, and clustered by calculating all pair-wise RMS 
differences among structures using least square fitting of all heavy 
atoms in the molecules. The criterion to cluster the conformers was set 
to be 2.0 A for the RMS value. In each cluster, the lowest-energy 
conformer was selected to represent the cluster. The numbers in the 
second column were the serial number of the conformer in the cluster. 
Their potential energy values as calculated using the CHARMM 
program were listed in the 3rd column. AE was calculated as the 
energy difference between the corresponding conformer and the 
lowest-energy conformer (global minimum) of all the conformers. 

Table 4b 



Conformer group B of modeled N-Ac-CHMC.-NH 2 



No 


Conformers 


^(kcalmol' 1 ) 


^(kcalmol' 1 ) 


1 


171 


-197.00 


.00 


2 


196 


-192.63 


4.37 


3 


261 


-181.65 


15.35 


4 


296 


-191.68 


5.32 


5 


299 


-184.24 


12.76 
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Table 4b 

Conformer group B of modeled N-Ac-CHAVC-NHo 



No 


Conformers 


E (kcal mor 1 ) 


(kcal mol" 1 ) 


6 


333 


-187.94 


9.06 


7 


351 


-184.56 


12.44 


8 


480 


-190.07 


6.93 


9 


596 


-180.44 


16.56 


10 


62 


-188.86 


8.14 


11 


68 


-178.94 


18.06 


12 


73 


-181.35 


15.65 


13 


754 


-185.70 


11.30 


14 


786 


-189.66 


7.34 


15 


82 


-180.40 


16.60 


16 


916 


-176.08 


20.92 



Conformers in this table were energy-minimized using a dielectric 
constant of 1, and clustered by calculating all pair-wise RMS 
differences among structures using least square fitting of all heavy 
atoms in the HAV sequence of the molecules. The criterion to 
cluster the conformers was set to be 1.5 A for the RMS value. In 
each cluster, the lowest-energy conformer was selected to represent 
the cluster. The numbers in the second column were the serial 
number of the conformer in the cluster. Their potential energy 
values as calculated using the CHARMM program were listed in 
the 3rd column. AE was calculated as the energy difference 
between the corresponding conformer and the lowest-energy 
conformer (global minimum) of all the conformers. 

Table 4c 

Conformer group C of modeled N-Ac-CHA^-NH 2 
No Conformers E (kcal moF l ) AE (kcal mol" 1 ) 



1 168 -15.52 .00 

2 196 -14.34 1.18 

3 301 -10.00 5.52 

4 311 -10.24 5.28 

5 331 -12.43 3.09 
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Table 4c 



Conformer group C of modeled N-Ac-CHAVC-NH 2 


No 


CoDformers 


E (kcal mol' 1 ) 


AE (kcal mol" 1 ) 


6 


389 


-9.25 


6.27 


7 


404 


-8.93 


6.59 


8 


423 


-12.32 


3.20 


9 


617 


-14.48 


1.04 


10 


739 


-13.46 


2.06 



Conformers in this table were energy-minimized using a dielectric 
constant of 80, and clustered by calculating all pair-wise RMS 
differences among structures using least square fitting of all heavy 
atoms in the molecules. The criterion to cluster the conformers was 
set to be 2.0 A for the RMS value. In each cluster, the lowest-energy 
conformer was selected to represent the cluster. The numbers in the 
second column were the serial number of the conformer in the 
cluster. Their potential energy values as calculated using the 
CHARMM program were listed in the 3rd column. AE was 
calculated as the energy difference between the corresponding 
conformer and the lowest-energy conformer (global minimum) of all 
the conformers. 



Table 4d 

Conformer group D of modeled N-Ac-OTAZC-NH 2 



No 


Conformers 


£ (kcal mof 1 ) 


J£ (kcal mol- 1 ) 


1 


13 


-12.14 


3.38 


2 


166 


-10.63 


4.89 


3 


168 


-15.52 


.00 


4 


196 


-14.34 


1.18 


5 


331 


-12.43 


3.09 


6 


344 


-12.34 


3.18 


7 


42 


-12.86 


2.66 


8 


475 


-14.36 


1.16 


9 


617 


-14.48 


1.04 


10 


868 


-13.33 


2.19 


11 


887 


-10.54 


4.98 
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Table 4d 

Conformer group D of modeled N-Ac -CHAVC -NH, 



No 


Conformers 


^(kcalmor 1 ) 


AE (kcaLmol 1 ) 


12 


979 


-13.86 


1.66 


13 


99 


-6.04 


9.48 



Conformers in this table were energy-minimized using a dielectric 
constant of 80, and clustered by calculating all pair-wise RMS 
differences among structures using least square fitting of all heavy 
atoms in the HAV sequence of the molecules. The criterion to cluster 
the conformers was set to be 1.5 A for the RMS value. In each 
cluster, the lowest-energy conformer was selected to represent the 
cluster. The numbers in the second column were the serial number of 
the conformer in the cluster. Their potential energy values as 
calculated using the CHARMM program were listed in the 3rd 
column. AE was calculated as the energy difference between the 
corresponding conformer and the lowest-energy conformer (global 
minimum) of all the conformers. 

In Table 4e, the CHARMM energies of the 3 NMR solution 
conformations of N-Ac-CH^C-NH2 (SEQ ID NO: 10) are provided. Energies of the 
three NMR structures of N-Ac-CHAS/C-NH 2 (SEQ ID NO: 10) were first calculated 
5 directly without minimization and them with energy min imiz ation Again both 
dielectric constants of 1 (to represent a vacuum) and 80 (to represent a water 
environment) were used. As can be seen, the 3 NMR solution structures have large 
energy differences. This is likely due to a difference in the force field used in the NMR 
structure calculations and the CHARMM force field. After minimization the 3 
1 0 structures have similar energies. 
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Table 4e 

Energies of the NMR conformers ofN-A^CHAYC-NHfe (kcal mol" 1 ). 



NMR 


As Is 




Minimized 


solution 










structure 


e = 80 


£=1 


£ = 80 


£= 1 


1 


15.36 


-138.63 


-11.26 


-184.27 


2 


9.99 


-143.31 


-11.51 


-179.83 


3 


44.74 


-117.62 


-13.08 


-185.80 



Energies of three NMR structures of N-Ac -CHAVC -NB> (SEQ ID 
NO: 10) were first calculated, as is, then minimized using CHARMM 
program. A dielectric constant (s) was used throughout the 
calculation and set to either 1 to mimic the vacuum environment or 
80 to mimic the water environment. 



The conformers listed in Table 4a-d were compared to the NMR solution 
structures of N-Ac -CHAVC -NH? (SEQ ID NO: 10) and the results summarized in 
Tables 5a-d. 

5 Table 5a 

Comparison between modeled (group A) and NMR structures 
for N-Ac-CHMQ-NH 2 (SEQ ID NO: 10). 



No 


NMR Structure 1 


NMR Structure 2 


NMR Structure 3 


RMS 


E 


A£ 


RMS 


E 


AE 


RMS 


E 


AE 


1 


2.10 


-197.00 


.00 


2.46 


-187.46 


9.54 


2.07 


-193.92 


3.08 


2 


2.33 


-178.68 


18.32 


2.46 


-178.68 


18.32 


2.18 


-184.39 


12.61 


3 


2.35 


-193.92 


3.08 


2.52 


-197.00 


.00 


2.33 


-178.68 


18.32 


4 


2.37 


-184.39 


12.61 


2.55 


-188.74 


8.26 


2.41 


-187.46 


9.54 


5 


2.43 


-187.46 


9.54 


2.59 


-193.92 


3.08 


2.48 


-197.00 


.00 


6 


2.53 


-185.12 


11.88 


2.62 


-189.66 


7.34 


2.59 


-191.89 


5.11 


7 


2.57 


-189.66 


7.34 


2.72 


-184.39 


12.61 


2.96 


-189.66 


7.34 


8 


2.59 


-191.89 


5.11 


2.73 


-191.89 


5.11 


3.05 


-188.74 


8.26 


9 


2.62 


-186.68 


10.32 


2.74 


-185.12 


11.88 


3.07 


-186.68 


10.32 


10 


2.68 


-188.74 


8.26 


2.85 


-186.68 


10.32 


3.10 


-185.12 


11.88 


11 


3.17 


-186.63 


10.37 


2.86 


-186.63 


10.37 


3.29 


-186.63 


10.37 


12 


3.38 


-185.06 


11.94 


3.10 


-185.06 


11.94 


3.36 


-185.06 


11.94 
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Conformers in this table were compared to the different NMR solution 
structures of N-Ac -CHAVC -NHo (SEQ ID NO: 10) RMS values were obtained by 
comparing all heavy atoms in the molecules using least square fitting. The potential 
energy values of each conformer (£) and the energy difference (AE) between the 
corresponding conformer and the lowest-energy conformer (global minimum) of all the 
conformers were also listed in the table. 



Table 5b 

Comparison between modeled (group B) and NMR structures 
for N-Ac-CHAVC-NH 2 (SEQ ID NO: 10). 



No 


NMR Structure 1 


NMR Structure 2 


NMR Structure 3 


RMS 


E 


AE 


RMS 


E 


AE 


RMS 


E 


AE 


1 


1.34 


-181.65 


15.35 


1.45 


-184.24 


12.76 


1.35 


-188.86 


8.14 


2 


1.56 


-187.94 


9.06 


1.74 


-184.56 


12.44 


1.44 


-181.65 


15.35 


3 ■ 


1.61 


-188.86 


8.14 


1.84 


-181.65 


15.35 


1.44 


-187.94 


9.06 


4 


1.64 


-184.24 


12.76 


1.86 


-187.94 


9.06 


1.48 


-197.00 


.00 


5 


1.65 


-197.00 


.00 


1.90 


-197.00 


.00 


1.68 


-184.56 


12.44 


6 


1.71 


-184.56 


12.44 


1.91 


-192.63 


4.37 


2.00 


-190.07 


6.93 


7 


1.85 


-190.07 


6.93 


1.98 


-180.40 


16.60 


2.30 


-184.24 


12.76 


8 


2.20 


-185.70 


11.30 


2.07 


-190.07 


6.93 


2.45 


-185.70 


11.30 


9 


2.27 


-192.63 


4.37 


2.08 


-176.08 


20.92 


2.53 


-192.63 


4.37 


10 


2.28 


-180.44 


16.56 


2.13 


-188.86 


8.14 


2.61 


-181.35 


15.65 


11 


2.28 


-180.40 


16.60 


2.23 


-185.70 


11.30 


2.64 


-178.94 


18.06 


12 


2.35 


-189.66 


7.34 


2.29 


-191.68 


5.32 


2.65 


-180.44 


16.56 


13 


2.46 


-176.08 


20.92 


2.33 


-189.66 


7.34 


2.74 


-189.66 


7.34 


14 


2.53 


-191.68 


5.32 


2.37 


-180.44 


16.56 


2.81 


-191.68 


5.32 


15 


2.57 


-178.94 


18.06 


2.40 


-178.94 


18.06 


2.85 


-176.08 


20.92 


16 


2.69 


-181.35 


15.65 


2.62 


-181.35 


15.65 


2.88 


-180.40 


16.60 



Conformers in this table were compared to the different NMR solution 



structures of N-Ac-OH^/C-.NH 2 (SEQ ID NO: 10) RMS values were obtained by 
comparing all heavy atoms in the HAV sequence in the molecules using least square 
fitting. The potential energy values of each conformer (E) and the energy difference 
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(AE) between the corresponding conformer and the lowest-energy conformer (global 
minimum) of all the conformers were also listed in the table. 



Table 5c 

5 Comparison between modeled (group C) and NMR structures 

for N-Ac-™C-NH 2 (SEQ ID NO: 10). 



No 


NMR Structure 1 


NMR Structure 2 


NMR Structure 3 


RMS 


E 


AE 


RMS 


E 


AE 


RMS 


E 


AE 


1 


1.85 


-15.52 


.00 


1.93 


-13.46 


2.06 


2.15 


-15.52 


.00 


2 


2.08 


-13.46 


2.06 


2.35 


-15.52 


.00 


2.26 


-14.48 


1.04 


3 


2.32 


-12.43 


3.09 


2.58 


-14.34 


1.18 


2.35 


-12.43 


3.09 


4 


2.54 


-14.34 


1.18 


2.59 


-12.32 


3.20 


2.56 


-14.34 


1.18 


5 


2.54 


-14.48 


1.04 


2.66 


-14.48 


1.04 


2.80 


-13.46 


2.06 


6 


2.60 


-9.25 


6.27 


2.81 


-12.43 


3.09 


2.82 


-8.93 


6.59 


7 


2.77 


-12.32 


3.20 


2.89 


-10.00 


5.52 


3.03 


-9.25 


6.27 


8 


2.79 


-10.00 


5.52 


2.96 


-9.25 


6.27 


3.09 


-10.24 


5.28 


9 


2.96 


-8.93 


6.59 


2.98 


-10.24 


5.28 


3.11 


-10.00 


5.52 


10 


3.12 


-10.24 


5.28 


3.03 


-8.93 


6.59 


3.36 


-12.32 


3.20 



Conformers in this table were compared to the different NMR solution structures of N- 
10 Ac -CHAVC -NB, (SEQ ID NO: 10) RMS values were obtained by comparing all heavy 
atoms in the molecules using least square fitting. The potential energy values of each 
conformer (£) and the energy difference (AE) between the corresponding conformer and 
the lowest-energy conformer (global minimum) of all the conformers were also listed in 
the table. 

15 

Table 5d 

Comparison between modeled (group D) and NMR structures 
for N-Ac-CHAVC-NH 2 (SEQ ID NO: 10). 





NMR Structure 1 


NMR Structure 2 


NMR Structure 3 


No 


RMS E AE 


RMS E AE 


RMS E AE 


1 


1.30 -15.52 .00 


1.07 -13.86 1.66 


1.12 -15.52 .00 
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NMR Structure 1 


NMR Structure 2 


NMR Structure 3 


No 


RMS 

IViVljJ 


Hi 


A TP 


RMS 


E 


AE 


RMS 


E 


AE 


2 


1.38 


-12.43 


3.09 


1.49 


-12.86 


2.66 


1.42 


-12.43 


3.09 


3 


1.47 


-14.36 


1.16 


1.50 


-14.36 


1.16 


1.84 


-14.34 


1.18 


4 


1.68 


-14.48 


1.04 


1.71 


-14.48 


1.04 


1.88 


-14.36 


1.16 


5 


1.78 


-13.86 


1.66 


1.75 


-12.43 


3.09 


1.92 


-14.48 


1.04 


6 


1.87 


-12.86 


2.66 


1.81 


-10.54 


4.98 


1.99 


-12.86 


2.66 


7 


l.y2 


-12.34 


3.18 


1.90 


-15.52 


.00 


2.36 


-12.34 


3.18 


8 


1.99 


-14.34 


1.18 


1.94 


-14.34 


1.18 


2.44 


-13.86 


1.66 


8 


2.21 


-10.54 


4.98 


1.96 


-12.34 


3.18 


2.51 


-10.54 


4.98 


10 


2.31 


-13.33 


2.19 


2.00 


-13.33 


2.19 


2.70 


-10.63 


4.89 


11 


2.37 


-10.63 


4.89 


2.02 


-10.63 


4.89 


2.78 


-12.14 


3.38 


12 


2.67 


-12.14 


3.38 


2.28 


-12.14 


3.38 


2.87 


-13.33 


2.19 


13 


2.71 


-6.04 


9.48 


2.31 


-6.04 


9.48 


3.12 


-6.04 


9.48 



Conformers in this table were compared to the different NMR solution 
structures of N-Ac-CHAV£-NH 2 (SEQ ID NO.10) RMS values were obtained by 
comparing all heavy atoms in the HAV sequence in the molecules using least square 
fitting. The potential energy values of each conformer (E) and the energy difference 
(AE) between the corresponding conformer and the lowest-energy conformer (global 
minimum) of all the conformers were also listed in the table. 



As can be seen from Table 5a, the RMS values of the modeled structure 
with the lowest energy compared to the 3 NMR solution structures using all the heavy 
atoms in the structures are 2.10, 2.52, and 2.48 A, respectively. The lowest RMS values 
of the modeled structures compared to the 3 NMR solution structures are 2.10, 2.46, 
and 2.07 A, respectively. These results indicate that the modeled structures when using 
a dielectric constant of 1 during the m in i mization process have a reasonable agreement 
with the NMR solution structures for N-Ac -CHAVC -NH 7 (SEQ ID NO: 10). 

From our structure-activity relationship studies, it is known that the HAV 
residues in N-Ac-OHAYC-NH 2 (SEQ ID NO:10) likely represent the most crucial 
binding elements. Therefore, it is probably more meaningful to compare the modeled 
structures with the NMR solution structures using the HAV residues only. As can be 
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seen from Table 5b, the RMS values of the modeled structure with the lowest energy 
compared to the 3 NMR solution structures using the heavy atoms in the HAV residues 
are 1.65, 1.90, and 1.48 A, respectively. The lowest RMS values of the modeled 
structures compared to the 3 NMR solution structures are 1.34, 1.45, and 1.35 A, 
5 respectively. These results indicate that the HAV residues of the modeled structures 
superimpose on the HAV residues of the NMR solution structures very well. 

A dielectric constant of 1 mimics the vacuum environment but the NMR 
structures of the peptide was determined in aqueous solution. To mimic the aqueous 
solution environment, a dielectric constant of 80 was used in energy-minimization. As 
10 can be seen from Table 5c, the RMS values of the modeled structure with the lowest 
energy compared to the 3 NMR solution structures using all the heavy atoms in the 
structures are 1.85, 2.35, and 2.15 A, respectively. The lowest RMS values of the 
modeled structures compared to the 3 NMR solution structures are 1.85, 1.93, and 2.15 
A, respectively. As compared to Table 5a, the modeled structures using a dielectric 
15 constant of 80 during minimization are overall more similar to the NMR solution 
structures than the modeled structures using a dielectric constant of 1 during 
minimization. As can be seen from Table 5d, the RMS values of the modeled structure 
with the lowest energy compared to the 3 NMR solution structures using the heavy 
atoms in the HAV residues are 1.30, 1.90, and 1.12 A, respectively. The lowest RMS 
20 values of the modeled structures compared to the 3 NMR solution structures are 1.30, 
1.07, and 1.12 A, respectively. These results showed that conformations of the HAV 
residues between modeled structures using a dielectric constant of 80 during 
niinimization and the NMR solution structures are very similar. 

In summary, the modeled structures of N-Ac-O^C-NH 2 (SEQ ID 
25 NO: 10) are similar to the NMR solution structures and more similar structures were 
obtained when a dielectric constant of 80 was used in minimization. Therefore, for 
modeling of the thioether analogues a dielectric constant of 80 was employed for all the 

energy- T" inimi n ations. 

Based on the modeling results obtained for N-Ac-£HaY£-NH 2 (SEQ ID 
30 NO: 10), it was believed that reasonably accurate solution structures of the thioethers 
depicted in Figures 24A-C (CH2£QEMG-NH 2 (SEQ ID NO:94) could be obtained 
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using a molecular modeling approach. The results should be more accurate when a 
dielectric constant of 80 is used in minimization. Therefore, using the same protocol 
(HTMD, minimization using a dielectric constant of 80, followed by cluster analysis), 
the conformations of 3 thioether analogs (Figures 24A-C) of N-Ac-CHAVC-NH 2 (SEQ 

5 ID NO: 10) have been studied in an effort to improve compound stability while still 
retaining the activity 

All the heavy atoms in the HAV residues were used for the calculation of 
the pair-wise RMS value between two structures and the threshold value for the RMS 
used was set as 1.5 A. A total of 11 conformational clusters were obtained for 

10 C H 2 COHAVC -NHi (SEQ ID NO:94) The conformer number of each representative 
conformation for each cluster, the potential energy for each representative conformation, 
and the energy difference between each conformer and the conformer with the lowest 
energy are provided in Table 6. The results of structural comparison between these 11 
conformers for CH oCOHAVC -NH? (SEQ ID NO:94) and N-Ac-CHAVC-NH 2 (SEQ ID 

15 NO: 10) are provided in Table 7. As can be seen, the RMS values between the conformer 
with the lowest energy and the 3 NMR solution structures of N-Ac-CHAVC-NH 2 (SEQ 
ID NO: 10) using all the heavy atoms in the HAV residues are 1.42, 1.89 and 1.26 A, 
respectively. The structure of the global minimum of CHoCOHAVC -NH? (SEQ ID 
NO:94) is shown in Figure 25a. The best RMS values between all the 11 conformers and 

20 the 3 NMR solution structures of N-Ac -CHAVC -NH? (SEQ ID NO: 10) using all the 
heavy atoms in the HAV residues are 1.12, 0.85, 0.98 A, respectively. The structures with 
best RMS values are shown in Figure 25B and 25 C, respectively. It is of note that the 
conformers with best RMS values don't have much higher potential energies, all within 
2.0 kcal/mol from the global minimum. These results suggest that the structures of 

25 thioether CHoCOHAVC -NH? (SEQ ID NO:94) have reasonably good overlaps with the 3 
solution structures of N-Ac-OHAVC-NH 2 (SEQ ID NO: 10) in terms of the conformation 
of the HAV residues and indicate that CH 2 COHAVC -NH^ (SEQ ID NO:94) may be a 
good mimetic of N-Ac-Ol^C-NHs (SEQ ID NO: 10). 
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Table 6 

Energies of the conformers of the thioether CH 2 CQHAVC -NH-, (kcal mol" 1 ) 



No . Conformers E AE 



1 


50 


-5.38 


3.15 


2 


502 


-1.38 


7.15 


3 


579 


-6.85 


1.68 


4 


594 


-7.86 


.67 


5 


768 


-7.80 


.73 


6 


78 


-8.53 


.00 


7 


793 


-5.00 


3.53 


8 


805 


0.75 


9.28 


9 


9 


-5.38 


3.15 


10 


908 


-3.78 


4.75 


11 


931 


-7.46 


1.07 



Conformers in this table were energy-minimized using a dielectric 



constant of SO, and clustered by calculating all pair-wise RMS differences among 
structures using least square fitting of all heavy atoms in the HAV sequence in the 
molecules. The criterion to cluster the conformers was set to be 1.5 A for the RMS value. 
5 In each cluster, the lowest-energy conformer was selected to represent the cluster. The 
numbers in the second column were the serial number of the conformer in the cluster. 
Their potential energy values as calculated using the CHARMM program were listed in 
the 3rd column. AE was calculated as the energy difference between the corresponding 
conformer and the lowest-energy conformer (global minimum) of all the conformers. 

10 

Table 7 

Comparison between modeled thioether CH 2 COHAVC -NHo (SEQ ID NO:94) and 
NMR structures ofN-Ac -CHAVC -NH^ (SEQ ID NO: 1 0). 



No 


NMR Structure 1 


NMR Structure 2 


NMR Structure 3 


RMS 


E 


AE 


RMS 


E 


AE 


RMS 


E 


AE 


1 


1.86 


-5.38 


3.15 


1.36 


-5.38 


3.15 


2.21 


-5.38 


3.15 


2 


2.43 


-1.38 


7.15 


2.11 


-1.38 


7.15 


2.42 


-1.38 


7.15 


3 


1.12 


-6.85 


1.68 


0.85 


-6.85 


1.68 


1.40 


-6.85 


1.68 


4 


1.25 


-7.86 


.67 


1.77 


-7.86 


.67 


0.98 


-7.86 


.67 


5 


1.50 


-7.80 


.73 


1.28 


-7.80 


.73 


1.67 


-7.80 


.73 


6 


1.42 


-8.53 


.00 


1.89 


-8.53 


.00 


1.26 


-8.53 


.00 


7 


2.50 


-5.00 


3.53 


2.17 


-5.00 


3.53 


2.80 


-5.00 


3.53 


8 ' 


1.93 


0.75 


9.28 


1.53 


0.75 


9.28 


2.20 


0.75 


9.28 


9 


1.99 


-5.38 


3.15 


1.34 


-5.38 


3.15 


2.37 


-5.38 


3.15 


10 


1.52 


-3.78 


4.75 


1.39 


-3.78 


4.75 


1.75 


-3.78 


4.75 


11 


1.31 


-7.46 


1.07 


1.64 


-7.46 


1.07 


1.43 


-7.46 


1.07 
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Conformers in this table were compared to the different NMR solution 
structures of N-Ac -CHAVC -NHo (SEQ ID NO: 10) RMS values were obtained by 
comparing all heavy atoms in the HAV sequence in the molecules using least square 
fitting. The potential energy values of each conformer (£) and the energy difference 
5 (AE) between the corresponding conformer and the lowest-energy conformer (global 
minimum) of all the conformers were also listed in the table. 



For the second thioether analogue CH 2 COGHAVC -NHo (SEQ ID 
NO:95), a total of 13 conformational clusters were obtained. The conformer number of 

10 each representative conformation for each cluster, the potential energy for each 
representative conformation, and the energy difference between each conformer and the 
conformer with the lowest energy are provided in Table 8. The results of structural 
comparison between these 13 conformers for CH?COGHAVC -NHo (SEQ ID NO:95) 
and N-Ac -CHAVC -NHo (SEQ ID NO: 10) are provided in Table 9. As can be seen, the 

15 RMS values between the confoimer with the lowest energy and the 3 NMR solution 
structures of N-Ac-CHATC-NH 2 (SEQ ID NO: 10) using all the heavy atoms in the 
HAV residues are 1.40, 1.85 and 1.18 A, respectively. The structure of the global 
minimum of CH 2 COGHAVC -NHo (SEQ ID N0.95) is shown in Figure 26A The best 
RMS values between all the 13 conformers and the 3 NMR solution structures of N-Ac- 

20 CHAVC-NH 2 (SEQ ID NO:10) using all the heavy atoms in the HAV residues are 1.21, 
0.95 and 0.95 A, respectively. The structures with best RMS values are shown in 
Figure 26B and 26C, respectively. These conformers with best RMS values don't have 
much higher potential energies, all within 4.0 kcal/mol from the global minimum. 
These results suggest that the structures of thioether CH 2 COGHAVC -NHo (SEQ ID 

25 NO: 95) also have reasonably good overlaps with the 3 solution structures of N-Ac- 
CHAVC-NH 2 (SEQ ID NO: 10) in terms of the conformation of the HAV residues and 
indicate that CH?COGHAVC -NHo (SEQ ID NO:95) may be a good mimetic of N-Ac- 
CHAVC -NHo (SEQ ID NO: 10). 
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Table 8 

Energies of the conformers of the thioether CHoCOGHAVC -NH? (kcal mol" 1 ) 



No 


Conformers 


E 


AE 


1 


1 


-11.51 


1.16 


2 


132 


-12.67 


.00 


3 


229 


-10.91 


1.76 


4 


293 


-10.09 


2.58 


5 


31 


-10.21 


2.46 


6 


429 


-10.74 


1.93 


7 


506 


-10.41 


2.26 


8 


566 


-11.85 


.82 


9 


69 


-9.07 


3.60 


10 


699 


-9,44 


3.23 


11 


712 


-12.00 


.67 


12 


774 


-10.76 


1.91 


13 


976 


-10.66 


2.01 



Conformers in this table were energy-minimized using a dielectric 



constant of 80, and clustered by calculating all pair-wise RMS differences among 
structures using least square fitting of all heavy atoms in the HAV sequence in the 
molecules. The criterion to cluster the conformers was set to be 1.5 A for the RMS value. 
5 In each cluster, the lowest-energy conformer was selected to represent the cluster. The 
numbers in the second column were the serial number of the conformer in the cluster 
Their potential energy values as calculated using the CHARMM program were listed in 
the 3rd column. AE was calculated as the energy difference between the corresponding 
conformer and the lowest-energy conformer (global minimum) of all the conformers. 

10 

Table 9 



Comparison between modeled thioether CHoCOGHAVC -NH? (SEQ ID NO:95) and 
NMR structures of N-Ac -CHAVC -NH? (SEQ ID NO: 10). 



No 


NMR Structure 1 


NMR Structure 2 


NMR Structure 3 


RMS 


E 


AE 


RMS 


E 


AE 


RMS 


E 


AE 


1 


1.34 


-11.51 


1.16 


1.63 


-11.51 


1.16 


0.95 


-11.51 


1.16 


2 


1.40 


-12.67 


.00 


1.85 


-12.67 


.00 


1.18 


-12.67 


.00 


3 


2.38 


-10.91 


1.76 


2.14 


-10.91 


1.76 


2.57 


-10.91 


1.76 


4 


1.47 


-10.09 


2.58 


1.75 


-10.09 


2.58 


1.21 


-10.09 


2.58 


5 


1.46 


-10.21 


2.46 


1.92 


-10.21 


2.46 


1.40 


-10.21 


2.46 


6 


1.91 


-10.74 


1.93 


1.85 


-10.74 


1.93 


2.19 


-10.74 


1.93 


7 


1.92 


-10.41 


2.26 


1.52 


-10.41 


2.26 


2.29 


-10.41 


2.26 


8 


1.52 


-11.85 


.82 


1.05 


-11.85 


.82 


1.74 


-11.85 


.82 
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Table 9 

Comparison between modeled thioetber CH-,COGHAVC -NH^ (SEQ ID NO:95) and 





NMR structures of N-Ac-CHAVC-NH 2 (SEQ ID NO" 10) 


No 


NMR Structure 1 


NMR Structure 2 


NMR Structure 3 


RMS E AE 


RMS E AE 


RMS E AE 


9 
10 
11 
12 
13 


1.21 -9.07 3.60 
2.64 -9.44 3.23 
1.88 -12.00 .67 
1.79 -10.76 1.91 
2.02 -10.66 2.01 


0.95 -9.07 3.60 
2.31 -9.44 3.23 
1.35 -12.00 .67 
1.78 -10.76 1.91 
2.10 -10.66 2.01 


1.47 -9.07 3.60 
2.68 -9.44 3.23 
2.17 -12.00 .67 
2.07 -10.76 1.91 
2.39 -10.66 2.01 



Conformers in this table were compared to the different NMR solution 



structures of N-Ac -CHAVC -NH 2 (SEQ ID NO: 10) RMS values were obtained by 
comparing all heavy atoms in the HAV sequence in the molecules using least square 
fitting. The potential energy values of each conformer (£) and the energy difference 
5 (4E) between the corresponding conformer and the lowest-energy conformer (global 
minimum) of all the conformers were also listed in the table. 



ForQfcCONHAVC-NH 2 (SEQ ID NO:96), a total of 12 conformational 
clusters were obtained. The conformer number of each representative conformation for 

10 each cluster, the potential energy for each representative conformation, and the energy 
difference between each conformer and the conformer with the lowest energy are 
provided in Table 10. The results of structural comparison between these 12 conformers 
for C H 7 CONHAVC -NH 2 (SEQ ID NO:96) and N-Ac -CHAVC -NH-, (SEQ ID NO: 10) 
are provided in Table 11. As can be seen, the RMS values between the conformer with 

15 the lowest energy and the 3 NMR solution structures of N-Ac -CHAVC -NH ? (SEQ ID 
NO.10) using all the heavy atoms in the HAV residues are 1.25, 1.20 and 1.28 A, 
respectively. The structure of the global minimum of CH->CONHAVn -NHo (SEQ ID 
NO:96) is shown in Figure 27A. The best RMS values between all the 12 conformers 
and the 3 NMR solution structures of N-Ac -CHAVC -NH, (SEQ ID NO: 10) using all 
20 the heavy atoms in the HAV residues are 1.18, 1.20 and 1.24 A, respectively. The 
structures with best RMS values are shown in Figures 27B and 27C, respectively. These 
conformers with best RMS values don't have much higher potential energies, all within 
2.0 kcal/mol from the global minimum. It is of note that for _CH ? C0NHAVr. -NTf 2 
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(SEQ ID NO:96), the global minimum has an RMS value, either the best or very close 
to the best, in comparison to the 3 NMR solution structures. These results suggest that 
the structures of thioether CH 2 CONHAVC -NH 2 (SEQ ID NO:96) also have reasonably 
good overlaps with the 3 solution structures of peptide #1 in terms of the conformation 

5 of the HAV residues and indicate that CH 2 CONHAVC -NH 2 (SEQ ID NO:96) may be a 
good mimetic of N-Ac-CHAVC-NH 2 .(SEQ ID NO: 10). 

In summary, these 3 analogs all have reasonably good structural overlaps 
with the 3 NMR solution structures of N-Ac-CHAYG-NH 2 (SEQ ID NO:10) in terms of 
the HAV conformation, suggesting that they may also be able to achieve similar activity 

10 to N-Ac-CHAVC-NH 2 (SEQ ID NO: 10). 

Table 10 

Energies of the confonners of the 
thioether C.H 2 CONHAVC -NH 2 (SEQ ID NO:96) (kcal mol 1 ). 



No Confonners E 4M- 

"1 102 -6.11 7.23 

2 130 -12.11 1.23 

3 143 -13.34 -00 

4 297 -H.58 176 

5 312 -12.42 -92 

6 455 -10.84 2.50 

7 769 -9.48 3.86 

8 796 -11.50 1-84 

9 886 -8.56 4.78 

10 941 -8.66 4.68 
H 959 -12.95 -39 
12 97 -7.48 5.86 



Confonners in this table were energy-minimized using a dielectric 
constant of 80, and clustered by calculating all pair-wise RMS differences among 
structures using least square fitting of all heavy atoms in the HAV sequence in the 

15 molecules. The criterion to cluster the confonners was set to be 1.5 A for the RMS value. 
In each cluster, the lowest-energy conformer was selected to represent the cluster. The 
numbers in the second column were the serial number of the conformer in the cluster. 
Their potential energy values as calculated using the CHARMM program were listed in 
the 3rd column. AE was calculated as the energy difference between the conesponding 

20 conformer and the lowest-energy conformer (global minimum) of all the conformers. 
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Table 11 

Comparison between modeled thioether CH^CONHAVO -NH^ (SEQ ID NO: 96) and 
NMR structures of N-Ac -CHAVC -NB> (SEQ ID NO: 10) 



No 


NMR Structure 1 


NMR Structure 2 


NMR Structue 3 


RMS 


E 


AE 


RMS 


E 


AE 


RMS 


E 


AE 


1 


2.12 


-6.11 


- 7.23 


1.97 


-6.11 


7.23 


2.50 


-6.11 


7.23 


2 


1.18 


-12.11 


1.23 


1.35 


-12.11 


1.23 


1.65 


-12.11 


1.23 


3 


1.25 


-13.34 


.00 


1.20 


-13.34 


.00 


1.28 


-13.34 


.00 


4 


1.94 


-11.58 


1.76 


1.35 


-11.58 


1.76 


2.26 


-11.58 


1.76 


5 


2.30 


-12.42 


.92 


1.89 


-12.42 


.92 


2.59 


-12.42 


.92 


6 


1.74 


-10.84 


2.50 


1.93 


-10.84 


2.50 


1.37 


-10.84 


2.50 


7 


1.87 


-9.48 


3.86 


1.87 


-9.48 


3.86 


1.89 


-9.48 


3.86 


8 


1.97 


-11.50 


1.84 


1.53 


-11.50 


1.84 


2.27 


-11.50 


1.84 


9 


2.64 


-8.56 


4.78 


2.30 


-8.56 


4.78 


2.71 


-8.56 


4.78 


10 


2.18 


-8.66 


4.68 


2.03 


-8.66 


4.68 


2.45 


-8.66 


4.68 


11 


1.41 


-12.95 


.39 


1.90 


-12.95 


.39 


1.24 


-12.95 


.39 


12 


2.66 


-7.48 


5.86 


2.62 


-7.48 


5.86 


2.87 


-7.48 


5.86 



Conformers in this table were compared to the different NMR solution 



structures of N-Ac-CHAVC-NH 2 (SEQ ID NO: 10) RMS values were obtained by 
comparing all heavy atoms in the HAV sequence in the molecules using least square 
5 fitting. The potential energy values of each conformer (E) and the energy difference 
(AE) between the corresponding conformer and the lowest-energy conformer (global 
minimum) of all the conformers were also listed in the table. 

EXAMPLE 9 

10 Synthesis o f Thioether Analogies of N-Ac-CHAVC-NH 2 

The solid phase synthesis of the three thioether analogues of N-Ac- 
CHAVC -NHg was using Fmoc chemistry on a Rink amide AM resin (4-(2', 4'- 
Dimethoxyphenyl-Fmoc-ammomethyl)-phenoxyacetamidoaminomethyl, 0.65 meq / g, 
1% DVB Grain size 200-400 mesh). In the synthesis of all analogues the cysteine and 

15 the imidazole group of the histidine residue are protected with the triphenylmethyl 
group (trityl). For the analogue containing asparagine, the side chain is also protected 
with the trityl group. Two coupling procedures were used for the addition of each 
amino acid to ensure complete coupling (DIC (N, N'-diisopropylcarbodiimide) and 
HBTU (0-(benzotriazol-l-yl>N, N, N', N'-tetramethyluronium hexafiurophosphate)). 
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The coupling reactions were initiated by adding a solution (1.170 mL) containing 6 
equivalents each of the amino acid to a suspension of the resin in NMP (1.00 mL). This 
was followed by the addition of 6 equivalents of HOBt (0.390 mL) and DIC (1.170 mL) 
solutions. The suspension was mixed for one hour and the resin wash with DMR The 

5 HBTU coupling reaction was initiated by adding a solution (1.170 mL) containing 6 
equivalents each of the amino acid to a suspension of the resin in NMP (1.00 mL) 
followed by the addtion of 6 equivalents of the HBTU contain (6 equivalents of HOBt 
solution) (1.170 mL) and 12 equivalents of DIPEA (0.584 mL). The suspension was 
stirred for 30 minutes and them washed. After removal of the final Fmoc protecting 

10 group, the resin was coupled to bromoaceticacid. The coupling reaction to bromoacetic 
acid was initiated by the addition of 4 equivalents of bromoacetic acid (1.170 mL, in 
25% DCM/DMF) and 8 equivalents of DIC (1.170 mL, in NMP) to a suspension of 
the resin in NMP (1 .00 mL). The suspension was mixed for two hours and then washed 
with DMF and methanol. Cleavage from the resin was carried out by suspending the 

15 resin in a cleavage cocktail (10 mL, consisting of 5% TES (triethyl silane) in TFA) with 
occasional shaking for 4 hours. The resin was then filtered and washed with 
dichloromethane. The solvent volume was reduced under vacuum (water aspirator) to 
approximately 2 mL and the crude product precipitated with the addition of cold ether. 
This cleavage procedure removes all protecting groups and provide crude linear 

20 products. A solution of the crude linear peptide was added dropwise to a stirring 
solution (250 mL) of water pH 8.0 (20% aqueous solution of triethylamine was used to 
adjust the pH using a pH meter). While adding the peptide, the pH of the solution was 
adjusted to be around 8 using the same 20% aqueous solution of triethylamine. After 
the addition of all the peptide the solution was kept stirring at pH 8 and the cyclization 

25 was monitored by HPLC. Upon completion of the cyclization, the solution was 
acidified with acetic acid and lyophilized. The crude cyclic product was purified by gel 
filtration followed by HPLC. 
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APPENDIX 1 



N-Ac -CHAVC -NH 2 , Model 1 



N-Ac- CHAVC -NH 2 , Model 1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



COMPND 
AUTHOR 
SEQRES 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 



UNNAMED 
GENERATED BY 
L 7 ACE 



1 

X 






O 




ALL 




U 


ACE 


A 


rtiyi 


ACE 


C 

O 


ium 


ACE 


D 


IXKJf 

flrl 


ACE 


/ 


XT 

N 


CYS 


o 
O 


CA 


CYS 


Q 

y 


C 


CYS 


X u 


o 


CYS 


X X 


Cd 


CYS 


X-£ 


SG 


CYS 


Xo 


HN 


CYS 


1 A 


TT 7> 


CYS 




xioX 


CYS 


X b 


HB2 


CYS 


1 "7 
X / 


N 


HIS 


1 o 

18 


CA 


HIS 


19 


C 


HIS 




O 


HIS 


21 


CB 


HIS 


Z2 


(-* 

CG 


HIS 


23 


ND1 


HIS 


O /I 


CD2 


HIS 


o c; 
Zo 


CE1 


HIS 


2 D 




HIS 


2 / 


HN 


HIS 


2 8 


HA 


HIS 


2 9 


HB1 


HIS 


3 0 


HB2 


HIS 


31 


HD1 


HIS 


32 


HD2 


HIS 


33 


HE1 


HIS 


34 


N 


ALA 


35 


CA 


ALA 


36 


C 


ALA 


37 


0 


ALA 


38 


CB 


ALA 


39 


HN 


ALA 


40 


HA 


ALA 


41 


HM 


ALA 


42 


HM 


ALA 


43 


HM 


ALA 


44 


N 


VAL 


45 


CA 


VAX 


46 


C 


VAL 


47 


O 


VAL 


48 


CB 


VAL 



SYBYL, A PRODUCT OF 
CYS HIS ALA VAL CYS 
-5.466 -1 
-4.529 
-4.955 
-5.419 
-6.482 
-5.183 
-3.250 
-2.216 
-2.402 
-2.814 



1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

5 

5 
5 
5 
5 



-2.239 
-0.797 
-2.863 
-1.260 
-2.300 
-3.145 
-2.089 
-2.215 
-0.860 
-0.551 
-2.802 
-2.581 
-3.224 
-1.781 
-2.824 
-1.930 
-1.755 
-2.921 
-2.361 
-3.873 
-3.880 
-1.131 
-3.151 
-0. 089 
1.226 
2.194 
3.237 
1.692 
-0.348 
1.135 
2. 636 
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1. 828 
1.814 
2.636 
1.833 
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3.943 
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TRI 
NCC 
874 
. 628 
.266 
.924 
. 629 
.251 
. 831 
.548 
.112 
.111 
.554 
.469 
.183 
.662 
.560 
394 
828 
237 
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368 
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834 
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024 
250 
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,865 
,656 
261 
431 
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418 
025 
464 
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965 
934 
406 
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0.974 
-0. 158 
-1.253 
1.264 
0.665 
1.822 
0/121 
-0. 860 
-1.352 
-2.490 
-2.013 
-3.135 
0.990 
-0.349 
-1.598 
-2.597 
-0.471 
-0.803 
-1.261 
-2.451 



0. 
1. 
2. 
2, 
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716 
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7 62 
3.322 
3.732 
0.452 
-1. 630 
0.387 
0.214 
1.548 
2.795 
3.901 
-0.291 
-0.580 
-0.886 
-1.503 
0.597 
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-1.463 
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1.475 
-0.441 
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00 
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1.00 
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1.00 
1.00 
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00 
00 
00 
00 
00 
00 
00 



-0.13 
0.45 
-0.39 
0.02 
0.02 
0.02 
-0.36 
0.06 
0.45 
-0.38 
-0.09 
0.01 
0.18 
0.02 
0.06 
0.06 
-0.36 
0. 06 
0.45 
-0.38 
-0.04 
0. 06 
-0.25 
0.08 
0.19 
-0.24 
0.18 
0.02 
0.01 
0.01 
0.15 
0.03 
0.02 
-0.36 
0.06 
0.45 
-0.38 
-0.09 
0.18 
02 
04 
04 
04 



0. 

0. 
0. 
0. 



-0.36 
0. 06 
0.45 

-0.38 
0.01 
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49 
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56 
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62 
63 
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65 
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67 
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69 
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CGI VAL 
CG2 VAL 
HN VAL 
HA VAL 
HB VAL 
HM1 VAL 
HM1 VAL 
HM1 VAL 
HM2 VAL 
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N-Ac-CHAVC-NH 2 , Model 2 
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N-Ac- CHAVC -NH?, Model 3 ' 02 -FEB- 9 9 

AUTHOR GENERATED BY SYBYL, A PRODUCT OF TRIPOS ASSOCIATES INC 

SEQRES 1 7 ACE CYS HIS ALA VAL CYS NCC 

ATOM 1 CA ACE 

ATOM 2 C ACE 

ATOM 3 O ACE 

10 ATOM 4 HM ACE 

ATOM 5 HM ACE 

ATOM 6 HM ACE 

ATOM 7 N CYS 

ATOM 8 CA CYS 

15 ATOM 9 C CYS 

ATOM 10 O CYS 

ATOM 11 CB CYS 

ATOM 12 SG CYS 

ATOM 13 HN CYS 

20 ATOM 14 HA CYS 

ATOM 15 HB1 CYS 

ATOM 16 HB2 CYS 

ATOM 17 N HIS 

ATOM 18 CA HIS 

25 ATOM 19 C HIS 

ATOM 20 O HIS 

ATOM 21 CB HIS 

ATOM 22 CG HIS 

ATOM 23 ND1 HIS 

30 ATOM 24 CD2 HIS 

ATOM 25 CE1 HIS 

ATOM 26 NE2 HIS 

ATOM 27 HN HIS 

ATOM 2 8 HA HIS 

35 ATOM 29 HB1 HIS 

ATOM 30 HB2 HIS 

ATOM 31 HD1 HIS 

ATOM 32 HD2 HIS 

ATOM 33 HE1 HIS 

40 ATOM 34 N ALA 

ATOM 35 CA ALA 

ATOM 36 C ALA 

ATOM 37 O ALA 

ATOM 38 CB ALA 

45 ATOM 39 HN ALA 

ATOM 4 0 HA ALA 

ATOM 41 HM ALA 

ATOM 42 HM ALA 

ATOM 43 HM ALA 

50 ATOM 44 N VAL 

ATOM 45 CA VAL 

ATOM 46 C. VAL 

ATOM 47 O VAL 

ATOM 48 CB VAL 

55 ATOM 49 CGI VAL 

ATOM 50 CG2 VAL 

ATOM 51 HN VAL 
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2.102 
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3.512 


2.053 


2.212 


1.00 - 


0.07 
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-0.475 


1.00 


0.18 



BNSDOCID: <WO 0153331A2_I_> 



WO 01/53331 



PCT/USO 1/02508 



122 



10 



15 



20 



25 



30 



35 



40 



45 



50 



ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
TER 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
MASTER 
END 



55 



52 HA VAL 

53 HB VAL 

54 HM1 VAL 
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56 HM1 VAL 

57 HM2 VAL 

58 HM2 VAL 

59 HM2 VAL 

60 N CYS 
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N-Ac -CHAVDC -NHi, Model 4 



[ N-Ac- CHAVDC -NH 2 
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APPENDIX 4 



Model 1, N-Ac-CSHAVC-NH 2 
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CLAIMS 



What is claimed is: 



1. A cell adhesion modulating agent comprising the structure 
provided in compound 1. 

2. A cell adhesion modulating agent comprising the structure 
provided in compound 2, 

3. A cell adhesion modulating agent comprising the structure 
provided in compound 3. 

4. A cell adhesion modulating agent comprising the structure 
provided in compound 4. 

5. A cell adhesion modulating agent comprising the structure 
provided in compound 5. 

6. A cell adhesion modulating agent comprising the structure 
provided in compound 6. 

7. A cell adhesion modulating agent comprising the structure 
provided in compound 7. 

8. A cell adhesion modulating agent comprising the structure 
provided in compound 8. 

9. A cell adhesion modulating agent comprising the structure 
provided in compound 9. 
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10. A cell adhesion modulating agent comprising the structure 
provided in compound 10. 

11. A cell adhesion modulating agent comprising the structure 
provided in compound 11. 

12. A cell adhesion modulating agent comprising the structure 
provided in compound 12. 

13. A method for screening a candidate compound for the ability to 
modulate classical cadherin-mediated cell adhesion, comprising comparing a three- 
dimensional structure of a candidate compound to a three-dimensional structure of a 
cyclic peptide that comprises the sequence His-Ala-Val within a cyclic peptide ring, 
wherein similarity between the structure of the candidate compound and the structure of 
the cyclic peptide is indicative of the ability of the candidate compound to modulate 
classical cadherin-mediated cell adhesion, and therefrom evaluating the ability of the 
candidate compound to modulate classical cadherin-mediated cell adhesion. 

14. A method according to claim 13, wherein the cyclic peptide has 

the formula: 

(Y0-(Xi)-His-Ala-Val-(X 2 ).(Y 2 ) 
I I 

wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 
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15. A method according to claim 1 4, wherein the cyclic peptide is N- 
Ac-CHAVC-NH 2 (SEQ ID NO:10), N-Ac -CSHAVC -NH, (SEQ ID NO:36) or N-Ao- 
CHAVC -Y~NHo (SEQ ID NO:8I). 

16. A method according to claim 14, wherein the cyclic peptide is N- 
Ac-CHAVDC-NH, (SEQ ID NO:20). 

17. A method according to claim 13, wherein the step of comparing 
is performed visually. 

18. A method according to claim 13, wherein the step of comparing 
is performed computationally. 



19. A method according to claim 13, wherein the candidate 
compound is selected from a database of three-dimensional structures. 

20. A method according to claim 19, wherein the three-dimensional 
structure of the candidate compound is determined experimentally, 

21. A method according to claim 19, wherein the three-dimensional 
structure of the candidate compound is computer-generated. 

22. A method according to claim 13, wherein the step of comparing 
the three-dimensional structures comprises a step of defining atom equivalencies 
between the cyclic peptide and the candidate compound. 

23. A method for screening a candidate compound for the ability to 
modulate classical cadherin-mediated cell adhesion, comprising comparing a two- 
dimensional structure of a candidate agent to a two-dimensional structure of a 
compound identified according to the method of claim 13, wherein similarity between 
the structure of the candidate agent and the structure of the compound is indicative of 
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the ability of the candidate agent to modulate classical cadherin-mediated cell adhesion, 
and therefrom evaluating the ability of the candidate agent to modulate classical 
cadherin-mediated cell adhesion. 

24. A method for identifying a compound that modulates classical 
cadherin-mediated cell adhesion, comprising: 

(a) determining a level of similarity between a three-dimensional 
structure of a candidate compound and a three-dimensional structure of a cyclic peptide 
that comprises the sequence His-Ala-Val within a cyclic peptide ring; and 

(b) identifying an alteration in the structure of the candidate 
compound that results in a three-dimensional structure with an increased similarity to 
the three-dimensional structure of the cyclic peptide; and therefrom identifying a 
compound that has the ability to modulate classical cadherin-mediated cell adhesion. 

25. A method according to claim 24, wherein the cyclic peptide has 

the formula: 

(Yi)-(Xi)-His-Ala-Val-(X2>(Y 2 ) 

i 1 

wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

26. A method according to claim 25, wherein the cyclic peptide is N- 
Ac -CHAVC -NH? (SEQ ID NO: 10), N-Ac -CSHAVC- NH?. (SEQ ID NO:36) or N-Ac- 
CHAVC -Y-NH 2 (SEQ ID NO:81). 

27. A method according to claim 25, wherein the cyclic peptide is N- 
Ac -CHAVDC -NH? (SEQ ID NO.20). 
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28. A method according to claim 24, wherein the step of determining 
a level of similarity is performed visually. 

29. A method according to claim 24, wherein the step of determining 
a level of similarity is performed using a computationally. 

30. A method according to claim 24, wherein the candidate 
compound is selected from a database of three-dimensional structures. 

31. A method according to claim 24, wherein the three-dimensional 
structure of the altered candidate compound is computer generated. 

32. A method according to claim 24, further comprising a step of 
identifying a second alteration in the structure of the candidate compound that results in 
a three-dimensional structure with a further increased similarity to the three- 
dimensional structure of the cyclic peptide. 



33. A method according to claim 24, wherein the level of similarity i 
determined by a method comprising the step of identifying atom equivalencies. 



is 



34. A method according to claim 24, wherein the alteration results in 
a change in one or more parameters selected from the group consisting of 
hydrophobicity, steric bulk, electrostatic properties, size and bond angle. 

35. A machine-readable data storage medium, comprising a data 
storage material encoded with a set of NMR derived coordinates that define a three- 
dimensional structure of a cyclic peptide having the formula: 

(Y i>(Xi)-His-Ala-Val-(X 2 )-(Y 2 ) 
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wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

36. A data storage medium according to claim 35, wherein the cyclic 
peptide is N-Ac -CHAVC -NH? (SEQ ID NO: 10), N-Ac -CSHAVC -NHo (SEQ ID 
NO:36) or N-Ac -CHAVC -Y-NH? (SEQ ID NO:81). 

37. A data storage medium according to claim 35, wherein the cyclic 
peptide is N-Ac -CHAVDC -NH? (SEQ ID NO:20). 

38. A method for modulating classical cadherin-mediated 
intercellular adhesion, comprising contacting a classical cadherin-expressing cell with a 
cell adhesion modulating agent that comprises a peptidomimetic having a three- 
dimensional structure that is substantially similar to a three-dimensional structure of a 
cyclic peptide that comprises the sequence His-Ala-Val within a cyclic peptide ring, and 
thereby modulating classical cadherin-mediated intercellular adhesion of the cell. 

39. A method according to claim 38, wherein the cyclic peptide has 

the formula: 

(Yi)-(X0-His-Ala-Val-(X2)-(Y 2 ) 
I I 

wherein Xj, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 
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40. A method according to claim 39, wherein the cyclic peptide is N- 
Ao -CHAVC -NH, (SEQ ID NO:10), N-Ac -CHAVDC -NH? (SEQ ID NO:20), N-Ac- 
CSHAVC -NH? (SEQ ID NO:36) orN-Ac-CiLWC-Y-NH 2 (SEQ ID NO:81). 

41. A method according to claim 39, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31AI. 

42. A method according to claim 38, wherein the cell adhesion 
modulating agent inhibits cell adhesion. 

43. A method according to claim 38, wherein the cell adhesion 
modulating agent is present within a pharmaceutical composition comprising a 
physiologically acceptable carrier. 

44. A method for reducing unwanted cellular adhesion in a mammal, 
comprising administering to a mammal a cell adhesion modulating agent that inhibits 
cadherin-mediated cell adhesion, wherein the modulating agent comprises a 
peptidomimetic having a three-dimensional structure that is substantially similar to a three- 
dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val within a 
cyclic peptide ring, and thereby reducing unwanted cellular adhesion in the mammal. 

45. A method according to claim 44, wherein the cyclic peptide has 

the formula: 

(Y 1 )-(X 1 )-His-Ala-Val-(X 2 )-(Y 2 ) 
I | 

wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
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amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

46. A method according to claim 45, wherein the cyclic peptide is N- 
Ac-CHAVC-NH 2 (SEQ ID NO:10), N-Ac^CHAVDC-NH 2 (SEQ ID NO:20), N-Ac- 
CSHAVC -NH 2 (SEQ ID NO:36) or N-Ac -CHAVC -Y-NH ? (SEQ ID NO:81). 



c is a 



47. A method according to claim 44, wherein the peptidomimeti 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG, 17A-17J 
18A-18E, 19A-19E,21A-21N,22A-22H,23A-23F ) 24A-24C,29A-29G,or31A-31AI. ' 



48. 



A method according to claim 44, wherein the modulating agent 



linked to a targeting agent. 

49. A method according to claim 44, wherein the modulating agent 
present within a pharmaceutical composition comprising a physiologically acceptabl 



is 

e 



carrier. 



50. A method for enhancing the delivery of a drug to a tumor in a 
mammal, comprising administering to a mammal: 

(a) a cell adhesion modulating agent that inhibits cadherin-mediated 
cell adhesion, wherein the modulating agent comprises a peptidomimetic having a three- 
dimensional structure that is substantially similar to a three-dimensional structure of a 
cyclic peptide that comprises the sequence His-Ala-Val within a cyclic peptide ring ; and 

(b) a drug; 

and thereby enhancing the delivery of the drug to a tumor in the 



mammal. 
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51. A method according to claim 50, wherein the cyclic peptide has 

the formula: 

(Yi)-(Xi)-ffis-Ala-Val-(X2)-(Y 2 ) 



wherein X u and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues X! and X 2 ; and wherein Y t and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds 

52. A method according to claim 5 1 , wherein the cyclic peptide is N- 
Ac-CHAVC-NH 2 (SEQ ID NO:10), N-Ac-CHAVDC-NH 2 (SEQ ID NO:20), N-Ac- 
CSHAVC-NH 2 (SEQ ID NO:36) or N-Ac-CHAVC-Y-NH 2 (SEQ ID NO:81). 

53. A method according to claim 51 , wherein the pepudomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG, 17A-17J, 
1 8A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31AI. 

54. A method according to claim 50, wherein the tumor is selected 
from the group consisting of bladder tumors, ovarian tumors and melanomas. 

55. A method according to claim 50, wherein the modulating agent is 
administered to the tumor. 

56. A method according to claim 50, wherein the modulating agent is 
administered systemically. 

57. Amethod according to claim 50, wherein the modulating agent is 
linked to a targeting agent. 
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58. A method according to claim 50, wherein the modulating agent is 
linked to the drug. 

59. A method according to claim 50, wherein the modulating agent 
and the drug are present within a pharmaceutical composition comprising a 
physiologically acceptable carrier. 

60. A method for inhibiting the development of a cancer in a mammal, 
comprising administering to a mammal a cell adhesion modulating agent that inhibits 
cadherin-mediated cell adhesion, wherein the modulating agent comprises a 
peptidomimetic having a three-dimensional structure that is substantially similar to a three- 
dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val within a 
cyclic peptide ring, and thereby inhibiting the development of a cancer in the mammal. 

61. A method according to claim 60, wherein the cyclic peptide has 

the formula: 

(YiXXi^His-Ala-Val-^XYi) 
I I 

wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

62. A method according to claim 61 , wherein the cyclic peptide is N- 
Ac-CHAVC-NH? (SEQ ID NO: 10), N-Ac -CHAVDC -NHi (SEQ ID NO:20), N-Ac- 
CSHAVC -NHi (SEQ ID NO:36) or N- Ac-CHAVC- Y-NH 2 (SEQ ID NO:81). 
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63. A method according to claim 61, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31AI. 

64. A method according to claim 60, wherein the cancer is selected 
from the group consisting of carcinomas, leukemias and melanomas. 

65. A method according to claim 60, wherein the modulating agent is 
linked to a targeting agent. 

66. A method according to claim 60, wherein the modulating agent is 
present within a pharmaceutical composition comprising a physiologically acceptable 
carrier. 

67. A method for inhibiting angiogenesis in a mammal, comprising 
administering to a mammal a modulating agent that inhibits cadherin-mediated cell 
adhesion, wherein the modulating agent comprises a peptidomimetic having a three- 
dimensional structure that is substantially similar to a three-dimensional structure of a 
cyclic peptide that comprises the sequence His-Ala-Val within a cyclic peptide ring, and 
thereby inhibiting angiogenesis in the mammal. 

A method according to claim 67, wherein the cyclic peptide has 

(YjXXO-His-Ala-Val-CXa)-^) 
I I 

wherein X u and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 



68. 

the formula: 
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69. A method according to claim 68, wherein the cyclic peptide is N- 
Ac -CHAVC -NH? (SEQ ID NO:10), N-Ac -CHAVDC -NH? (SEQ ID NO:20), N-Ac- 
CSHAVC-NH 2 (SEQ ID NO:36) or N-Ac -CHAYC -Y-NHi (SEQ ID NO:81). 

70. A method according to claim 67, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31AL 

71 . A method according to claim 67, wherein the modulating agent is 
linked to a target agent. 

72. A method according to claim 67, wherein the modulating agent is 
present within a pharmaceutical composition comprising. a physiologically acceptable 
carrier. 

73. A method for enhancing drug delivery to the central nervous 
system of a mammal, comprising administering to a mammal a modulating agent that 
inhibits cadherin-mediated cell adhesion, wherein the modulating agent comprises a 
peptidomimetic having a three-dimensional structure that is substantially similar to a 
three-dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic peptide ring, and thereby enhancing drug delivery to the central nervous 
system of the mammal. 

74. A method according to claim 73, wherein the cyclic peptide has 

the formula: 

(Y i)-(Xi)-His-Ala-Val-(X 2 )-(Y 2 ) 
I I 

wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
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amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

75. A method according to claim 74, wherein the cyclic peptide is N- 
Ac-CHAVC-NH 2 (SEQ ID NO:10), N-Ac -CHAVDC -NH, (SEQ ID NO:20), N-Ao- 
CSHAVC-NH 2 (SEQ ID NO:36) or N-Ac -CHAVC -Y-NHo (SEQ ID NO:81). 

76. A method according to claim 73, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G; or 31A-31AL 

77. A method according to claim 73, wherein the modulating agent is 
linked to a targeting agent. 

78. A method according to claim 73, wherein the modulating agent is 
linked to a drug. 

79. A method according to claim 73, wherein the modulating agent is 
present within a pharmaceutical composition comprising a physiologically acceptable 
carrier. 

80. A method for enhancing wound healing in a mammal, comprising 
contacting a wound in a mammal with a modulating agent that enhances cadherin- 
mediated cell adhesion, wherein the modulating agent comprises a peptidomimetic 
having a three-dimensional structure that is substantially similar to a three-dimensional 
structure of a cyclic peptide that comprises the sequence His-Ala-Val within a cyclic 
peptide ring, and thereby enhancing wound healing in the mammal. 
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the formula: ^ method according to claim 80, wherein the cyclic peptide has 

( Y i)-(Xi)-His-Ala-Val-(X 2 )-CY 2 ) 



wherem X, and X 2 are hrdependendy seleced from the group consisting of amino acid 
-dues, wtm a covalen. bond formed between residues X, and X 2 ; and wherein Y, and 
Y 2 are optional and, if present, are independent,, seiected irom me group consisting of 
ammo acid residues and combinations thereof in which the residues ar-e imked by 
peptide bonds. y 



82. Amethod according to claim 81, wherein the cyclic peptide is N 
AC-CHAVC-NH2 (SEQ ID NO: 10) , N-Ac-CHAVBC.^ (SEQ ID J, ) N Z 

C^-NH 2 (SEQIDNO:3 6 )orN-Ac^. Y . N H 2( SE Q IDNO:Sl, 

83. A method according to claim 80, wherein the peptidomimetic is a 
compou, d having a sWure provided in any one of Figures 11, 13, 15A-15BG, 17A-17J 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, 

84. Amethod according to claim 80, wherein the modulating agent is 
lmked to a targeting agent. S 



85. A method according to claim 80, wherein the modulating agent 
is lmked to a support material. 



86. Amethod according to claim 80, wherein the modulating agent is 
Present wnhin a pharmaceutical composition comprising a physiologically acceptable 



87. A method for enhancing adhesion of foreign tissue implanted 
wtthtn a mamma., comprising contacting a site of imputation of foreign tissue in a 
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mammal with a modulating agent that enhances cadherin-mediated cell adhesion, 
wherein the modulating agent comprises a pepudomimetic having a three-dimensional 
structure that is substantially similar to a three-dimensional structure of a cyclic peptide 
that comprises the sequence His-Ala-Val within a cyclic peptide ring, and thereby 
enhancing adhesion of foreign tissue in the mammal. 

88. A method according to claim 87, wherein the cyclic peptide has 

the formula: 

<Ti)-<Xi)-His-Ala-Val-(X 2 )-(Y 2 ) 
1 1 

wherein X„ and X 2 are independently selected from the group consisting of amino acid 
residues with a covalent bond formed between residues X, and X 2 ; and wherein Y, and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

89 A method according to claim 88, wherein the cyclic peptide is N- 
Ac-^HAVC-NH 2 (SEQ ID NO:10), N-Ac-CHAVDC-NH 2 (SEQ ID NO:20), N-Ac- 
CSHAVC-NH 2 (SEQ ID NO:36) or N-Ac-CHAVC-Y-NH 2 (SEQ ID NO:81). 

90. A method according to claim 87, wherein the pepudomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31 A-31AI. 

91 . A method according to claim 87, wherein the modulating agent is 
linked to a targeting agent. 

92. A method according to claim 87, wherein the modulating agent 
is linked to a support material. 
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93. A method according to claim 87, wherein the foreign tissue is a 
skin graft or organ implant. 

94. A method according to claim 87, wherein the modulating agent is 
present within a pharmaceutical composition comprising a physiologically acceptable 
carrier. 

95. A method for modulating the immune system of a mammal, 
comprising administering to a mammal a cell adhesion modulating agent lliat inhibits 
cadherin-mediated cell adhesion, wherein the modulating agent comprises a 
peptidomimetic having a three-dimensional structure that is substantially similar to a three- 
dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val within a 
cyclic peptide ring, and thereby modulating the immune system of the mammal. 

96. A method according to claim 95, wherein the cyclic peptide has 

the formula: 

(Yi)-(Xi)-His-Ala.Val-(X 2 )-(Y 2 ) 

! I 

wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

97. A method according to claim 96, wherein the cyclic peptide is N- 
Ac-CHAYC-NHi (SEQ ID NO:10), N-Ac -CHAVDC -NH? (SEQ ID NO:20), N-Ac- 
CSHAVC -NH? (SEQ ID NO:36) or N-Ac -CHAVC -Y-NH 2 (SEQ ID NO:81). 
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98. A method according to claim 95, wherein the peptidornimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31AI. 

99. A method according to claim 95, wherein the modulating agent is 
linked to a targeting agent 

1 00. A method according to claim 95, wherein the modulating agent is 
present within a pharmaceutical composition comprising a physiologically acceptable 
carrier. 

101. A method for increasing vasopermeability in a mammal, 
comprising administering to a mammal a cell adhesion modulating agent that inhibits 
cadherin-mediated cell adhesion, wherein the modulating agent comprises a 
peptidornimetic having a three-dimensional structure that is substantially similar to a 
three-dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic peptide ring, and thereby increasing vasopermeability in the mammal. 

102. A method according to claim 101, wherein the cyclic peptide has 

the formula: 

(Y i)-(Xi)-His-Ala-Val-(X2)-(Y2) 
I I 

wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues X, and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 
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103. A method according to claim 102, wherein the cyclic peptide is 
N-Ac -CHAVC -NHi (SEQ ID NO:10), N-Ac-CHAVDC-NH? (SEQ ID NO:20), N-Ac- 
CSHAVC -NHi (SEQ ID NO:36) or N-Ac-CHMTC-Y-NH 2 (SEQ ID NO:81). 

104. Amethod according to claim 101, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31AL 

105. A method according to claim 101, wherein the modulating agent 
is present within a pharmaceutical composition comprising a physiologically acceptable 
carrier. 

106. A method for treating a demyelinating neurological disease in a 
mammal, comprising administering to a mammal: 

(a) a cell adhesion modulating agent that inhibits cadherin-mediated 
cell adhesion, wherein the modulating agent comprises a peptidomimetic having a three- 
dimensional structure that is substantially similar to a three-dimensional structure of a 
cyclic peptide that comprises the sequence His-Ala-Val within a cyclic peptide ring; and 

(b) one or more cells capable of replenishing an oligodendrocyte 

population; 

and thereby treating a demyelinating neurological disease in the 

mammal. 

107. A method according to claim 106, wherein the cyclic peptide has 

the formula: 

(Yi)-(Xi>His-Ala-Val-(X 2 >(Y2) 
I 1 

wherein X\, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
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amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

108. A method according to claim 107, wherein the cyclic peptide is 
N-Ac -CHAVC -NH 2 (SEQ ID NO:10), N-Ac -CHAVDC -NH? (SEQ ID NO:20), N-Ac- 
CSHAVC -NH, (SEQ ID NO:36) or N-Ac -CHAVC - Y-NH, (SEQ ID NO:81). 

1 09. A method according to claim 1 06, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31AI. 

110. A method according to claim 106, wherein the modulating agent 
is linked to a targeting agent. 

111. A method according to claim 106, wherein the modulating agent 
is linked to a drug. 

112. A method according to claim 106, wherein the cell is a Schwann 

cell. 

113. A method according to claim 106, wherein the cell is an 
oligodendrocyte progenitor cell or oligodendrocyte. 

114. A method according to claim 106, wherein the modulating agent 
is present within a pharmaceutical composition comprising a physiologically acceptable 
carrier. 

115. A method according to claim 1 06, wherein the disease is multiple 

sclerosis. 
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116. A method for facilitating migration of an N-cadherin expressing 
cell on astrocytes, comprising contacting an N-cadherin expressing cell with: 

(a) a cell adhesion modulating agent that inhibits cadherin-mediated 
cell adhesion, wherein the modulating agent comprises a peptidomimetic having a three- 
dimensional structure that is substantially similar to a three-dimensional structure of a 
cyclic peptide that comprises the sequence His-Ala-Val within a cyclic peptide ring; and 

(b) one or more astrocytes; 

and thereby facilitating migration of the N-cadherin expressing cell on 

the astrocytes. 

117. A method according to claim 116, wherein the cyclic peptide has 

the formula: 

(Yi)-(X0-His-Ala-Val-(X2)-(Y2) 

I I 

wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

118. A method according to claim 117, wherein the cyclic peptide is 
N-Ac-OJAVC-NH 2 (SEQ ID NO:10), N-Ac-CHAVDC-NH? (SEQ ID NO:20), N-Ac- 
CSHAVC -NH, (SEQ ID NO:36) or N-Ac -CHAVC -Y-NHo (SEQ ID NO:81). 

119. A method according to claim 116, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11,13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31AL 

120. A method according to claim 116, wherein the modulating agent 
is linked to a targeting agent. 



BNSDOCID: <WO 01 53331 A2J_> 



WO 01/53331 



PCT/USO 1/02508 



164 

121. A method according to claim 116, wherein the N-cadherin 
expressing cell is a Schwann cell. 

122. A method according to claim 116, wherein the N-cadherin 
expressing cell is an oligodendrocyte progenitor cell or oligodendrocyte. 

123. A method for inhibiting synaptic stability in a mammal, 
comprising administering to a mammal a cell adhesion modulating agent that inhibits 
cadherin-mediated cell adhesion, wherein the modulating agent comprises a 
peptidomimetic having a three-dimensional structure that is substantially similar to a 
three-dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic peptide ring, and thereby inhibiting synaptic stability in the mammal. 

124. A method according to claim 123, wherein the cyclic peptide has 

the formula: 

(Yi)«(Xi)-His-Ala-Val-(X 2 )-(Y 2 ) 

i 1 

wherein Xi, and X2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X2; and wherein Yi and 
Y2 are optioned and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

125. A method according to claim 124, wherein the cyclic peptide is 
N-Ac -CHAVC -NH? (SEQ ID NO:10), N-Ac -CHAVDC -NH, (SEQ ID NO:20), N-Ac- 
CSHAVC -NH? (SEQ ID NO:36) or N-Ac -CHAVC -Y-NH? (SEQ ID NO:81). 

126. A method according to claim 123, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31AI. 
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127. A method for modulating neurite outgrowth, comprising 
contacting a neuron with a modulating agent that comprises a peptidomimetic having a 
three-dimensional structure that is substantially similar to a three-dimensional structure 
of a cyclic peptide that comprises the sequence His-Ala-Val within a cyclic peptide ring, 
and thereby modulating neurite outgrowth. 

128. A method according to claim 127, wherein the cyclic peptide has 

the formula: 

(Yi>(X0-ffis.Ala-Val-(X2>(Y2) 
I I 

wherein X x , and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X2; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

129. A method according to claim 128, wherein the cyclic peptide is 
N-Ac -CHAVC- NHi (SEQ ID NO:10), N-Ac -CHAVDC -NIfe (SEQ ID NO:20), N-Ac- 
CSHAVC -NH? (SEQ ID NO:36) or N-Ac-CHAVC- Y-NH 2 (SEQ ID NO:81). 

130. A method according to claim 128, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31AL 

131. A method according to claim 127, wherein neurite outgrowth is 

inhibited. 

132. A method according to claim 127, wherein neurite outgrowth is 

enhanced. 
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133. A method according to claim 127, wherein neurite outgrowth is 

directed. 

134. A method according to claim 127, wherein the modulating agent 
is linked to a drug. 

135. A method according to claim 127, wherein the modulating agent 
is linked to a targeting agent. 

136. A method according to claim 127, wherein neurite outgrowth is 
enhanced and/or directed and wherein the modulating agent is linked to a solid support. 

137. A method according to claim 136, wherein the solid support is a 
polymeric matrix. 

138. A method according to claim 136, wherein the solid support is 
selected from the group consisting of plastic dishes, plastic tubes, sutures, membranes, 
ultra thin films, bioreactors and microparticles. 

139. A method according to claim 127, wherein the modulating agent 
is present within a pharmaceutical composition that comprises a physiologically 
acceptable carrier. 

140. A method according to claim 139, wherein the composition 
further comprises a drug. 

141. A method according to claim 139, wherein the cell adhesion 
modulating agent is present within a sustained-release formulation. 



142. A method for treating spinal cord injuries in a mammal, 
comprising adniinistering to a mammal a cell adhesion modulating agent that enhances 
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neurite outgrowth, wherein the modulating agent comprises a pepndomimetic having a 
three-dimensional structure that is substantially similar to a three-dimensional structure 
of a cyclic peptide that comprises the sequence His-Ala-Val within a cyclic peptide ring, 
and thereby treating a spinal cord injury in the mammal. 



143. A method according to claim 142, wherein the cyclic peptide has 

the formula: 



(Y i)-(Xi>His-Ala-Val-(X 2 )-(Y 2 ) 



wherem X,, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues X, and X 2 ; and wherein Y, and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

144. A method according to claim 143, wherein the cyclic peptide is 
N-Ac-CHAVC-NH 2 (SEQ ID NO:10), N-Ac -CHAVDC NR. (SEQ ID NO:20) N-Ac- 
CSHAVC-NH 2 (SEQ ID NO:36) or N-Ac-CHAVC-Y-NH 2 (SEQ ID NO:81). 

145. Amethod according to claim 142, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG 17A-17J 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31AI. ' 

146. A method according to claim 142, wherein neurite outgrowth is 

inhibited. 

147. A method according to claim 142, wherein neurite outgrowth is 
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148. A method according to claim 142, wherein neurite outgrowth is 



directed. 



149. A method according to claim 142, wherein the modulating agent 
is linked to a drug. 

150. A method according to claim 142, wherein 1he modulating agent 
is linked to a targeting agent. 

151. A method according to claim 142, wherein neurite outgrowth is 
enhanced and/or directed and wherein the modulating agent is linked to a solid support. 

152. A method according to claim 151, wherein the solid support is a 
polymeric matrix. 

153. A method according to claim 151, wherein the solid support is 
selected from the group consisting of plastic dishes, plastic tubes, sutures, membranes, 
ultra thin films, bioreactors and microparticles. 

1 54. A method according to claim 142, wherein the modulating agent 
is present within a pharmaceutical composition that comprises a physiologically 
acceptable carrier. 

155. A method according to, claim 154, wherein the composition 
further comprises a drug. 

156. A method according to claim 154, wherein the cell adhesion 
modulating agent is present within a sustained-release formulation. 

157. A method for treating macule -generation in a mammal, 

, .c in n modulating agent that enhances 

comprising achninistering to a mamrra! la ceP — sion moamsBng ag 
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classical cadherin-mediated cell adhesion, wherein the modulating agent comprises a 
peptidomimetic having a three-dimensional structure that is substantially similar to a 
three-dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic peptide ring, and thereby treating macular degeneration in the mammal. 

158. A method according to claim 157, wherein the cyclic peptide has 

the formula: 

(Y 1 )-(X 1 )-His-Ala-Val-(X2HY2) 
I I 

wherein Xi, and X2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X2; and wherein Y\ and 
Y2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

159. A method according to claim 158, wherein the cyclic peptide is 
N-Ac -CHAVC -NH? (SEQ ID NO:10), N-Ac- ^HAVDC -NH? (SEQ ID NO:20), N-Ac- 
CSHAVC -NH? (SEQ ID NO:36) or N-Ac~CH^C- Y-NH 2 (SEQ ID NO:81). 

160. A method according to claim 157, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31 A-31AI. 

161. A method according to claim 157, wherein the modulating agent 
is linked to a drug. 

162. A method according to claim 157, wherein the modulating agent 
is linked to a targeting agent. 
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163. A method according to claim 157, wherein the modulating agent 
is present within a pharmaceutical composition that comprises a physiologically 
acceptable carrier. 

164. A method according to claim 163, wherein the composition 
further comprises a drug. 

165. A method according to claim 163, wherein the cell adhesion 
modulating agent is present within a sustained-release formulation. 

166. A kit for administering a drug via the skin of a mammal, 

comprising 

(a) a skin patch; and 

(b) a peptidomimetic having a three-dimensional structure that is 
substantially similar to a three-dimensional structure of a cyclic peptide that comprises 
the sequence His-Ala-Val within a cyclic peptide ring. 

167. A kit according to claim 166, wherein the cyclic peptide has the 

formula: 

(Yi)-(X,)-His-Ala-Val-(X 2 )-(Y 2 ) 
I I 

wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

1 68. A kit according to claim 1 66, wherein the cyclic peptide is N-Ac- 
CHAVC-NH 2 (SEQ ID NO:10), N-Ac -CHAVDC -NH, (SEQ ID NO:20), N-Ac- 
CSHAVC-NH 2 (SEQ ID NO:36) or N-Ac -CHAVC -Y-NHo (SEQ ID NO:81). 
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169. A kit according to claim 166, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31AL 

170. A kit according to claim 166, wherein the skin patch is 
impregnated with the peptidomimetic. • 

171. A kit according to claim 1 66, further comprising a drug. 

172. A method for evaluating a peptidomimetic for the ability to 
modulate classical cadherin-mediated cell adhesion, comprising: 

(a) culturing neurons on a monolayer of cells that express N- 
cadherin in the presence and absence of a peptidomimetic, under conditions and for a 
time sufficient to allow neurite outgrowth, wherein the peptidomimetic has a three- 
dimensional structure that is substantially similar to a three-dimensional structure of a 
cyclic peptide that comprises the sequence His-Ala-Val within a cyclic peptide ring; 

(b) determining a mean neurite length for said neurons; and 

(c) comparing the mean neurite length for neurons cultured in the 
presence of peptidomimetic to the neurite length for neurons cultured in the absence of 
the peptidomimetic, and therefrom determining whether the peptidomimetic modulates 
classical cadherin-mediated cell adhesion. 

173. A method according to claim 172, wherein the cyclic peptide has 

the formula: 

(YO-CXx^His-Ala-Val-CXi)-^) 
I I 

wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
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amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

174. A method for evaluating a peptidomimetic for the ability to 
modulate classical cadherin-mediated cell adhesion, comprising: 

(a) culturing cells that express a classical cadherin in the presence 
and absence of a peptidomimetic, under conditions and for a time sufficient to allow 
cell adhesion, wherein the peptidomimetic has a three-dimensional structure that is 
substantially similar to a three-dimensional structure of a cyclic peptide that comprises 
the sequence His-Ala-Val within a cyclic peptide ring; and 

(b) visually evaluating the extent of cell adhesion among said cells, 
and therefrom identifying a peptidomimetic capable of modulating cell adhesion. 

175. A method according to claim 174, wherein the cyclic peptide has 

the formula: 

(Yi>CXi)-His-Ala-Val-CX 2 >(Y 2 ) 
I I 

wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

176. A method according to claim 174, wherein the cells are selected 
from the group consisting of endothelial, epithelial and cancer cells. 

177. A method for evaluating a peptidomimetic for the ability to 
modulate classical cadherin-mediated cell adhesion, comprising: 

(a) culturing NRK cells in the presence and absence of a 
peptidomimetic, under conditions and for a time sufficient to allow cell adhesion, 
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wherein the peptidomimetic has a three-dimensional structure that is substantially 
similar to a three-dimensional structure of a cyclic peptide that comprises the sequence 
His-AIa-Val within a cyclic peptide ring; and 

(b) comparing the level of cell surface E-cadherin for cells cultured 
in the presence of the peptidomimetic to the level for cells cultured in the absence of the 
peptidomimetic, and therefrom determining whether the peptidomimetic modulates cell 
adhesion. 

178. A method according to claim 177, wherein the cyclic peptide has 

the formula: 

(Yi>(X0-His-Ala-Val-(X2)-(Y 2 ) 



wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

179. A method for evaluating a peptidomimetic for the ability to 
modulate classical cadherin-mediated cell adhesion, comprising: 

(a) contacting an epithelial surface of skin with a test marker in the 
presence and absence of a peptidomimetic, wherein the peptidomimetic has a three- 
dimensional structure that is substantially similar to a three-dimensional structure of a 
cyclic peptide that comprises the sequence His-AIa-Val within a cyclic peptide ring; and 

(b) comparing the amount of test marker that passes through said 
skin in the presence of the peptidomimetic to the amount that passes through skin in the 
absence of the peptidomimetic, and therefrom determining whether the peptidomimetic 
modulates cell adhesion. 
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180. A method according to claim 179, wherein the cyclic peptide has 

the formula: 

(YiXXO-His-Ala-Val-^XYj) 
I I 

wherein Xi, and X2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

181. A method according to claim 179, wherein said skin is human 

skin. 

182. A method for evaluating the ability of a peptidomimetic to 
modulate classical cadherin-mediated cell adhesion, comprising: 

(a) contacting a blood vessel with a peptidomimetic, wherein the 
peptidomimetic has a three-dimensional structure that is substantially similar to a three- 
dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic peptide ring; and 

(b) comparing the extent of angiogenesis of the blood vessel to a 
predetermined extent of angiogenesis observed for a blood vessel in the absence of the 
peptidomimetic, and therefrom determining whether the peptidomimetic modulates cell 
adhesion. 

183. A method according to claim 182, wherein the cyclic peptide has 

the formula: 

(YO-CXO-His-Ala-Val-CXz)-^) 

I ! 
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wherein X u and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and~X 2 ; and wherein Y x and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 
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FIGURE 3A 
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FIGURE 3B 
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FIGURE 3C 
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FIGURE 3D 
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FIGURE 3G 
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FIG. 12D 
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Compound 546 
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FIG. 31 AA 
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FIG. 3 IAD 
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FIG. 31AF 
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SEQUENCE LISTING 

<110> Adherex, Technologies Inc. 

Gour, Barbara J. 

Blaschuk, Orest W. 

Ali , Anmar 

Ni, Feng 

Chen, Zhigang 

Michaud , Stephanie 

Wang, Shoameng 

Hu, Zengjian 

<120> PEPTIDOMIMETIC MODULATORS OF CELL ADHESION 

<130> 100086. 413PC 

<140> PCT 

<141> 2001-01-24 

<150> US 09/491,078 
<151> 2000-01-24 

<160> 96 

<170> Patentln Ver. 2.0 

<210> 1 

<211> 108 

<212> PRT 

<213> Homo sapiens 

<400> 1 

Asp Trp Val He Pro Pro He Asn Leu Pro Glu Asn Ser Arg Gly Pro 
15 10 15 

Phe Pro Gin Glu Leu Val Arg lie Arg Ser Asp Arg Asp Lys Asn Leu 
20 25 30 

Ser Leu Arg Tyr Ser Val Thr Gly Pro Gly Ala Asp Gin Pro Pro Thr 
35 40 45 

Gly lie Phe He Leu Asn Pro lie Ser Gly Gin Leu Ser Val Thr Lys 
50 55 60 

Pro Leu Asp Arg Glu Gin He Ala Arg Phe His Leu Arg Ala His Ala 
65 70 75 80 

Val Asp He Asn Gly Asn Gin Val Glu Asn Pro lie Asp He Val He 
85 90 95 

Asn Val He Asp Met Asn Asp Asn Arg Pro Glu Phe 
100 105 



<210> 2 
<211> 108 
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<212> PRT 

<213> Mus musculus 

<400> 2 

Asp Trp Val lie Pro Pro He Asn Leu Pro Glu Asn Ser Arg Gly Pro 
1 5 10 15 

Phe Pro Gin Glu Leu Val Arg He Arg Ser Asp Arg Asp Lys Asn Leu 
20 25 30 

Ser Leu Arg Tyr Ser Val Thr Gly Pro Gly Ala Asp Gin Pro Pro Thr 
35 40 45 

Gly lie Phe He lie Asn Pro He Ser Gly Gin Leu Ser Val Thr Lys 
50 55 60 

Pro Leu Asp Arg Glu Leu He Ala Arg Phe His Leu Arg Ala His Ala 
65 70 75 80 

Val Asp He Asn Gly Asn Gin Val Glu Asn Pro He Asp He Val He 
85 90 " 95 

Asn Val He Asp Met Asn Asp Asn Arg Pro Glu Phe 
100 105 



<210> 3 
<211> 108 
<212> PRT 
<213> Bos taurus 

<400> 3 

Asp Trp Val He Pro Pro He Asn Leu Pro Glu Asn Ser Arg Gly Pro 
15 10 15 

Phe Pro Gin Glu Leu Val Arg He Arg Ser Asp Arg Asp Lys Asn Leu 
20 25 30 

Ser Leu Arg Tyr Ser Val Thr Gly Pro Gly Ala Asp Gin Pro Pro Thr 
35 40 ~ 45 

Gly He Phe He He Asn Pro He Ser Gly Gin Leu Ser Val Thr Lys 
50 55 60 

Pro Leu Asp Arg Glu Leu He Ala Arg Phe His Leu Arg Ala His Ala 
65 70 75 ^ 80 

Val Asp He Asn Gly Asn Gin Val Glu Asn Pro He Asp He Val He 
85 90 ~* 95 

Asn Val He Asp Met Asn Asp Asn Arg Pro Glu Phe 
100 105 



<210> 4 
<211> 108 
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<212> PRT 

<213> Homo sapiens 

<400> 4 

Asp Trp Val Val Ala Pro He Ser Val Pro Glu Asn Gly Lys Gly Pro 
15 10 15 

Phe Pro Gin Arg Leu Asn Gin Leu Lys Ser Asn Lys Asp Arg Asp Thr 
20 25 *" 30 

Lys lie Phe Tyr Ser lie Thr Gly Pro Gly Ala Asp Ser Pro Pro Glu 
35 40 45 

Gly Val Phe Ala Val Glu Lys Glu Thr Gly Trp Leu Leu Leu Asn Lys 
50 55 60 

Pro Leu Asp Arg Glu Glu He Ala Lys Tyr Glu Leu Phe Gly His Ala 
65 70 ^ 75 ^ 80 

Val Ser Glu Asn Gly Ala Ser Val Glu Asp Pro Met Asn lie Ser He 
85 90 95 

He Val Thr Asp Gin Asn Asp His Lys Pro Lys Phe 
100 105 



<210> 5 

<211> 108 

<212> PRT 

<213> Mus musculus 

<400> 5 

Glu Trp Val Met Pro Pro He Phe Val Pro Glu Asn Gly Lys Gly Pro 
15 10 15 

Phe Pro Gin Arg Leu Asn Gin Leu Lys Ser Asn Lys Asp Arg Gly Thr 
20 25 30 

Lys lie Phe Tyr Ser He Thr Gly Pro Gly Ala Asp Ser Pro Pro Glu 
35 40 45 

Gly Val Phe Thr He Glu Lys Glu Ser Gly Trp Leu Leu Leu His Met 
50 55 ~ 60 

Pro Leu Asp Arg Glu Lys He Val Lys Tyr Glu Leu Tyr Gly His Ala 
65 • 70 75 80 

Val Ser Glu Asn Gly Ala Ser Val Glu Glu Pro Met Asn He Ser He 
85 90 95 

He Val Thr Asp Gin Asn Asp Asn Lys Pro Lys Phe 
100 105 



<210> 6 
<211> 108 
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<212> PRT 

<213> Homo sapiens 

<400> 6 

Asp Trp Val lie Pro Pro lie Ser Cys Pro Glu Asn Glu Lys Gly Pro 
15 10 15 

Phe Pro Lys Asn Leu Val Gin lie Lys Ser Asn Lys Asp Lys Glu Gly 
20 25 30 

Lys Val Phe Tyr Ser lie Thr Gly Gin Gly Ala Asp Thr Pro Pro Val 
35 40 ' 45 

Gly Val Phe lie lie Glu Arg Glu Thr Gly Trp Leu Lys Val Thr Glu 
50 55 60 

Pro Leu Asp Arg Glu Arg lie Ala Thr Tyr Thr Leu Phe Ser His Ala 
65 70 75 80 

Val Ser Ser Asn Gly Asn Ala Val Glu Asp Pro Met Glu lie Leu lie 
85 90 95 

Thr Val Thr Asp Gin Asn Asp Asn Lys Pro Glu Phe 
100 105 



<210> 7 
<211> 108 
<212> PRT 

<213> Mus musculus 
<400> 7 

Asp Trp Val lie Pro Pro lie Ser Cys Pro Glu Asn Glu Lys Gly Glu 
1 5 10 15 

Phe Pro Lys Asn Leu Val Gin lie Lys Ser Asn Arg Asp Lys Glu Thr 
20 25 30 



Lys Val Phe Tyr Ser lie Thr Gly 
35 40 

Gly Val Phe lie lie Glu Arg Glu 
50 55 

Pro Leu Asp Arg Glu Ala lie Ala 
65 70 

Val Ser Ser Asn Gly Glu Ala Val 
85 

Thr Val Thr Asp Gin Asn Asp Asn 
100 



Gin Gly Ala Asp Lys Pro Pro Val 
45 

Thr Gly Trp Leu Lys Val Thr Gin 
60 

Lys Tyr lie Leu Tyr Ser His Ala 
75 80 

Glu Asp Pro Met Glu lie Val lie 
90 95 

Arg Pro Glu Phe 
105 



<210> 8 
<211> 5 
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<212> PRT 
<213> Unknown 

<220> 

<221> MOD_RES 
<222> (2) 

<223> Where Xaa is any amino acid 
<220> 

<223> Description of Unknown Organism: Cadherin Calcium 
Binding Motif 

<400> 8 

Asp Xaa Asn Asp Asn 
1 " 5 



<210> 9 
<211> 4 
<212> PRT 
<213> Unknown 

<220> 

<223> Description of Unknown 
Binding Motif 

<400> 9 

Leu Asp Arg Glu 



Organism: Cadherin Calcium 



<210> 10 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 10 

Cys His Ala Val Cys 
1 5 



<210> 11 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
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<220> „ . . 

<223> Description of Artificial Sequence: Cyclic 

control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 11 

Cys His Gly Val Cys 
1 5 



<210> 12 
<211> 5 
<212> PRT 

<213> Artificial Sequence 



<223> Description of Artificial Sequence: Cyclic 

peptide with cadherin cell adhesion recognition 
sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 12 

Lys His Ala Val Asp 
1 5 



<210> 13 
<211> 5 
<212> PRT 

<213> Artificial Sequence 



<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> . 

<223> Cyclic Peptide may comprise N- terminal 

modification such as acetyl or alkoxybenzyl group 
and/or c-terminal modifications such as amide or 
ester group 

<400> 13 

Lys His Gly Val Asp 
1 5 
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<210> 14 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with cadherin cell adhesion recognition 
sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl groi 
and/or C-terminal modifications such as amide oi 
ester group 

<400> 14 

Asp His Ala Val Lys 
1 5 



<210> 15 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl g. 
and/or C-terminal modifications such as amide 
ester group 

<400> 15 

Asp His Gly Val Lys 
1 5 



<210> 16 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 
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<400> 16 

Lys His Ala Val Glu 
1 5 



<210> 17 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 17 

Lys His Gly Val Glu 
1 5 



<210> 18 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 18 

Cys Val Ala His Cys 
1 5 



<210> 19 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 
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<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 19 

Cys Val Gly His Cys 
1 5 



<210> 20 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N- terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 20 

Cys His Ala Val Asp Cys 
1 5 



<210> 21 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 21 

Cys His Gly Val Asp Cys 
1 5 



<210> 22 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence; Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 22 

Cys Ala His Ala Val Cys 
1 5 



<210> 23 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and /or C- terminal modifications such- as amide or 
ester group 

<400> 23 

Cys ,Ala His Gly Val Cys 
1 5 



<210> 24 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 24 

Cys Ala His Ala Val Asp lie Cys 
1 5 
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<210> 25 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 25 

Cys Ala His Gly Val Asp He Cys 
1 5 



<210> 26 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 26 

Cys Ala His Ala Val Asp Cys 
1 5 



<210> 27 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
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ester group 
<400> 27 

Cys Ala His Gly Val Asp Cys 
1 5 



<210> 28 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N- terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C -terminal modifications such as amide or 
ester group 

<400> 28 

Cys Arg Ala His Ala Val Asp Cys 
1 5 



<210> 29 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 29 

Cys Arg Ala His Gly Val Asp Cys 
1 5 



<210> 30 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
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recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 30 

Cys Leu Arg Ala His Ala Val Cys 
1 5 



<210> 31 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 31 

Cys Leu Arg Ala His Gly Val Cys 
1 " 5 



<210> 32 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/ or C-terminal modifications such as amide or 
ester group 

<400> 32 

Cys Leu Arg Ala His Ala Val Asp Cys 
1 5 



<210> 33 
<211> 9 
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<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 33 

Cys Leu Arg Ala His Gly Val Asp Cys 
1 5 



<210> 34 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N- terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 34 

Ala His Ala Val Asp lie 
1 5 



<210> 35 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N- terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C— terminal modifications such as amide or 
ester group 

<400> 35 

Ala His Gly Val Asp lie 
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1 5 



<210> 36 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 36 

Cys Ser His Ala Val Cys 
1 5 



<210> 37 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 37 

Cys Ser His Gly Val Cys 
1 5 



<210> 38 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 
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modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 38 

Cys His Ala Val Ser Cys 
1 5 



<210> 39 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 39 

Cys His Gly Val Ser Cys 
1 5 



<210> 40 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 40 

Cys Ser His Ala Val Ser Cys 
1 5 



<210> 41 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N- terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 41 

Cys Ser His Gly Val Ser Cys 
1 5 



<210> 42 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 42 

Cys Ser His Ala Val Ser Ser Cys 
1 5 



<210> 43 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 43 

Cys Ser His Gly Val Ser Ser Cys 
1 5 



<210> 44 
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<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 44 

Cys His Ala Val Ser Ser Cys 
1 5 



<210> 45 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N- terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 45 

Cys His Gly Val Ser Ser Cys 
1 5 



<210> 46 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N- terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 
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<400> 46 

Ser His Ala Val Ser Ser 
1 5 



<210> 47 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 47 

Ser His Gly Val Ser Ser 
1 5 



<210> 48 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 48 

Lys Ser His Ala Val Ser Ser Asp 
1 5 



<210> 49 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 
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<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 49 

Lys Ser His Gly Val Ser Ser Asp 
1 5 

<210> 50 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 50 

Cys His Ala Val Asp He Cys 
1 5 

<210> 51 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 51 

Cys His Ala Val Asp He Asn Cys 
1 5 

<210> 52 
<211> 5 
<212> PRT 
<213> Unknown 
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<220> 

<223> Description of Unknown Organism: Cadherin cell 
adhesion recognition seguencebound by 
alpha-6-beta-l integrin 

<400> 52 

Tyr He Gly Ser Arg 
1 5 



<210> 53 
<211> 10 
<212> PRT 
<213> Unknown 



<220> 

<223> Description of Unknown Organism: Cadherin cell 
adhesion recognition sequence bound by N-CAM 

<400> 53 

Lys Tyr Ser Phe Asn. Tyr Asp Gly Ser Glu 
1 5 10 



<210> 54 
<211> 17 
<212> PRT 
<213> Unknown 

<220> 

<223> Description of Unknown Organism: N-CAM heparin 
sulfate binding site 



<400> 54 




Phe 



<210> 55 

<211> 4 

<212> PRT 

<213> Unknown 

<220> 

<223> Description of Unknown Organism: Occluding cell 
adhesion recognition sequence 

<400> 55 
Leu Tyr His Tyr 
1 
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<210> 56 
<211> 8 
<212> PRT 
<213> Unknown 

<220> 

<223> Description of Unknown Organism: Claudin cell 
adhesion recognition sequence 

<220> 

<221> MOD_RES 
<222> (2) 

<223> Where Xaa is either Lysine or arginine 
<220> 

<221> MOD_RES 
<222> (3) • . (4) 

<223> Where Xaa is an independently selected amino acid 
residue 

<220> 

<221> MOD_RES 
<222> (5) 

<223> Where Xaa is either Serine or Alanine 
<220> 

<221> MOD_RES 
<222> (6) 

<223> Where Xaa is either Tyrosine or Phenylalanine 
<220> 

<221> MOD_JRES 
<222> (7) 

<223> Where Xaa is an independently selected amino acid 
residue 

<400> 56 

Trp Xaa Xaa Xaa Xaa Xaa Xaa Gly 
1 5 



<210> 57 
<211> 9 
<212> PRT 
<213> Unknown 

<220> 

<223> Description of Unknown Organism: Nonclassical 
cadherin cell adhesion recognition sequence 

<220> 

<221> MOD_RES 
<222> (1) 

<223> Where Xaa is an independently selected amino acid 
residue 
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<220> 

<221> MOD_RES 
<222> (3) 

<223> Where Xaa is an independently selected amino acid 
residue 

<220> 

<221> MOD_RES 
<222> (4) 

<223> Where Xaa is lsoleucine f Leucine or Valine 
<220> 

<221> MOD_RES 
<222> (5) 

<223> Where Xaa is Aspartic Acid, Asparagine or Glutamic 
Acid 

<220> 

<221> MOD_RES 
<222> (6). .(7) 

<223> Where Xaa is an independently selected amino acid 
residue 

<220> 

<221> MOD_KES 
<222> (8) 

<223> Where Xaa is Serine, Threonine or Asparagine 
<400> 57 

Xaa Phe Xaa Xaa Xaa Xaa Xaa Xaa Gly 
1 5 



<210> 58 
<211> 4 
<212> PRT 
<213> Unknown 

<220> 

<223> Description of Unknown Organism: Representative 
claudin cell adhesion recognition sequence 

<400> 58 
lie Tyr Ser Tyr 
1 



<210> 59 
<211> 4 
<212> PRT 
<213> Unknown 

<220> 

<223> Description of Unknown Organism: Representative 
claudin cell adhesion recognition sequence 
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<400> 59 
Thr Ser Ser Tyr 
1 



<210> 60 

<211> 4 

<212> PRT 

<213> Unknown 

<220> 

<223> Description of Unknown Organism: Representative 
claudin cell adhesion recognition sequence 

<400> 60 
Val Thr Ala Phe 
1 



<210> 61 

<211> 4 

<212> PRT 

<213> Unknown 

<220> 

<2 23> Description of Unknown Organism: Representative 
claudin cell adhesion recognition sequence 

<400> 61 
Val Ser Ala Phe 
1 



<210> 62 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthesized 
Peptide 

<220> 

<221> M0D_RES 
<222> (1) 

<223> BLOCKED by 9-f luorenymethyloxycarbonyl 
<220> 

<221> MOD_RES 
<222> (2) 

<223> tert-butyl protecting group 
<220> 

<221> M0D_RES 
<222> (4) 

<223> tert-butyl protecting group 
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<220> 

<221> MOD_RES 
<222> (6) 

<223> t-Butoxycarbonyl protecting group 
<220> 

<221> MODJRES 
<222> (7) 

<223> tert -butyl protecting group 
<220> 

<221> MOD_RES 
<222> (9) 

<223> tert-butyl protecting group 
<220> 

<221> MOD_RES 
<222> (10) 

<223> Methoxy terminal group 
<400> 62 

Cys Asp Gly Tyr Pro Lys Asp Cys Lys Gly 
1 5 10 

<210> 63 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthesized 
Cyclic Peptide 

<220> 

<221> MODJRES 
<222> (1) 

<223> 9-fluorenylmethoxycarbonyl protecting group 
<220> 

<221> MOD_RES 
<222> (2) 

<223> tert-butyl protecting group 
<220> 

<221> M0D_RES 
<222> (4) 

<223> tert-butyl protecting group 
<220> 

<221> MODJRES 
<222> (6) 

<223> t-butoxy car bony 1 protecting group 
<220> 
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<221> MOD_RES 
<222> (7) 

<223> tert-butyl protecting group 
<220> 

<221> MOD_RES 
<222> (9) 

<223> tert-butyl protecting group 
<220> 

<221> M0D_RES 
<222> (10) 

<223> Methoxy terminal group 
<400> 63 

Cys Asp Gly Tyr Pro Lys Asp Cys Lys Gly 
1 5 10 



<210> 64 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthesized 
peptide 

<220> 

<221> MOD_RES 
<222> (1) 

<223> Residue has t-butoxy car bony 1, and Trityl or 
Acetamidomethyl protecting groups 

<220> 

<221> MOD_RES 
<222> (5). .(6) 

<223> tert-butyl protecting group 
<220> 

<221> MOD_RES 
<222> (7) 

<223> Trityl or acetaminomethly protecting group 
<400> 64 

Cys Gly Asn Leu Ser Thr Cys Met Leu Gly 
1 5 10 



<210> 65 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthesized 
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cyclic peptide 

<220> 

<221> MOD_RES 
<222> (1) 

<223> t-butoxycarbonyl protecting group 
<220> 

<221> M0D_RES 
<222> (5).. (6) 

<223> tert-butyl protecting group 
<400> 65 

Cys Gly Asn Leu Ser Thr Cys Met Leu Gly 
1 5 10 



<210> 66 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthesized 
peptide 

<220> 

<221> MOD_RES 
<222> (2) 

<223> Residue has Acetamidomethyl or 

tert-Acetaminomethyl or tert-butyl protecting 
group 

<220> 

<221> MODJRES 
<222> (6) 

<223> Residue has Acetamidomethyl , tert -Acetamidomethyl 
or tert-butyl protecting group 

<220> 

<221> MOD_RES 
<222> (9) 
<223> AMIDATION 

<400> 66 

Cys Tyr lie Gin Asn Cys Pro Leu Gly 
1 5 



<210> 67 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthesized 
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cyclic pep-tide 

<220> 

<221> MOD_RES 
<222> (9) 
<223> AMIDATION 

<400> 67 

Cys Tyr He Gin Asn Cys Pro Leu Gly 
1 5 



<210> 68 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<220> 

<221> MOD_RES 
<222> (5) 

<223> Where Xaa is beta , beta-dimethyl cysteine 
<400> 68 

Cys His Ala Val Xaa 
1 5 



<210> 69 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

Peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<220> 

<221> MOD RES 
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<222> (2) 

<223> Where Xaa is beta, beta- tetramethylene cysteine 
<400> 69 

He Xaa Tyr Ser His Ala Val Ser Cys Glu 
1 5 ~ io 



<210> 70 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

Peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N- terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<220> 

<221> M0D_RES 
<222> (2) 

<223> Where Xaa is beta , beta-pentamethy lene cysteine 
<400> 70 

He Xaa Tyr Ser His Ala Val Ser Ser Cys 
1 5 10 

<210> 71 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxyben2yl group 
and/or C-terminal modifications such as amide or 
ester group 

<220> 

<221> MODJRES 
<222> (1) 

<223> Where Xaa is beta-mere apt opropionic acid 
<400> 71 
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Xaa Tyr Ser His Ala Val Ser Ser Cys 
1 5 



<210> 72 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<220> 

<221> MODJRES 
<222> (1) 

<223> Where Xaa is 

beta , beta-pentamethy lene-beta-mercaptopropionic 

acid 
<400> 72 

Xaa Tyr Ser His Ala Val Ser Ser Cys 
1 5 



<210> 73 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<221> M0D_RES 
<222> (4) 

<223> Where Serine is D-Serine 
<400> 73 

His Ala Val Ser Ser 
1 5 



<210> 74 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Synthesized 
cyclic peptide 

<400> 74 
Trp Gly Gly Trp 
1 



<210> 75 
<211> 15 
<212> PRT 

<213> Homo sapiens 
<220> 

<223> Description of Artificial Sequence: 

Representative immunogen containing the HAV 
classical cadherin cell adhesion recognition 
sequence 

<220> 

<223> N-cadherin with HAV cell adhesion recognition 
sequence and flanking amino acids 

<400> 75 

Phe His Leu Arg Ala His Ala Val Asp He Asn Gly Asn Gin Val 
! 5 10 15 



<210> 76 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N~ terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 76 

Cys His Ala Val Asp He Asn Gly Cys 
1 5 



<210> 77 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 77 

Ser His Ala Val Asp Ser Ser 
1 5 



<210> 78 
<211> 48 
<212> PRT 
<213> Unknown 



<220> 

<223> Description of Unknown Organism: Occludin cell 
adhesion recognition sequnce and flanking amino 
acids 



<400> 78 

Gly Val Asn Pro Thr Ala Gin Ser 
1 5 

lie Tyr Ala Leu Cys Asn Gin Phe 
20 

Tyr Val Asp Gin Tyr Leu Tyr His 
35 40 



Ser Gly Ser Leu Tyr Gly Ser Gin 
10 15 

Tyr Thr Pro Ala Ala Thr Gly Leu 
25 30 

Tyr Cys Val Val Asp Pro Gin Glu 
45 



<210> 79 
<211> 4 
<212> PRT 
<213> Unknown 



<220> 

<223> Description of Unknown Organism: Cadherin Calcium 
Binding Motif 

<220> 

<221> MOD_RES ' 
<222> (1) 

<223> Where Xaa is any amino acid 
<220> 

<221> MOD_RES 
<222> (3) 

<223> Where Xaa is any amino acid 
<400> 79 
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Xaa Asp Xaa Glu 
1 

<210> 80 
<211> 4 
<212> PRT 
<213> Unknown 

<220> • . , . 

<223> Description of Unknown Organism: Cadherm Calcium 

Binding Motif 

<400> 80 
Asp Val Asn Glu 
1 

<210> 81 
<211> 6 
<212> PRT 

<213> Artificial Sequence 

<220> , , . , 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 81 

Cys His Ala Val Cys Tyr 
1 5 

<210> 82 
<211> 7 
<212> PRT 

<213> Artificial Sequence 

<220> „ . ^ ^ . , 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> . 

<223> Cyclic Peptide may comprise N- terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 82 

Cys Phe Ser His Ala Val Cys 
1 5 



<210> 83 
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<211> 8 
<212> PRT 

<213> Artificial Sequence 
<22 0> 



<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 83 

Cys Leu Phe Ser His Ala Val Cys 



5 



<210> 84 
<211> 6 
<212> PRT 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classxcal Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-tenmnal modifications such as amide or 
ester group 

<400> 84 

Cys His Ala Val Cys Ser 
1 5 

<210> 85 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 85 

Ser Cys His Ala Val Cys 
1 5 
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<210> 86 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terzninal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 86 

Cys His Ala Val Cys Ser Ser 
1 5 

<210> 87 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 87 

Ser Cys His Ala Val Cys Ser 
15 

<210> 88 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 88 

Cys His Ala Val Cys Thr 
1 5 
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<210> 89 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C- terminal modifications such as amide or 
ester group 

<400> 89 

Cys His Ala Val Cys Glu 
1 5 

<210> 90 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 90 

Cys His Ala Val Cys Asp 
1 5 

<210> 91 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 91 

Cys His Ala Val Tyr Cys 
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<210> 92 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<220> 

<221> M0D_RES 
<222> (5) 

<223> Where Xaa is beta, beta- dimethyl cysteine 
<400> 92 

Xaa His Ala Val Cys 
1 5 

<210> 93 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 93 

Cys His Ala Val Pro Cys 
1 5 



<210> 94 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 
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<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 



<400> 94 
His Ala Val Cys 
1 



<210> 95 
<211> 5 
<212> PRT 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> . . - 

<223> Cyclic Peptide may comprise N- terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 95 

Gly His Ala Val Cys 
1 5 



<210> 96 
<211> 5 
<212> PRT 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> _ 
<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or c-terminal modifications such as amide or 
ester group 

<400> 96 

Asn His Ala Val Cys 
1 5 
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1 

PEPTIDOMIMETIC MODULATORS OF CELL ADHESION 

TECHNICAL FIELD 

The present invention relates generally to methods for modulating cell 
adhesion, and more particularly to peptidomimetics of cyclic peptides comprising a 
5 cadherin cell adhesion recognition sequence, and to the use of such peptidomimetics for 
inhibiting or enhancing cadherin-mediated cell adhesion. 

BACKGROUND OF THE INVENTION 

Cell adhesion is a complex process that is important for maintaining 
tissue integrity and generating physical and permeability barriers within the body. All 

10 tissues are divided into discrete compartments, each of which is composed of a specific 
cell type that adheres to similar cell types. Such adhesion triggers the formation of 
intercellular junctions (i.e., readily definable contact sites on the surfaces of adjacent 
cells that are adhering to one another), also known as tight junctions, gap junctions and 
belt desmosomes. The formation of such junctions gives rise to physical and 

15 permeability barriers that restrict the free passage of cells and other biological 
substances from one tissue compartment to another. For example, the blood vessels of 
all tissues are composed of endothelial cells. In order for components in the blood to 
enter a given tissue compartment, they must first pass from the lumen of a blood vessel 
through the barrier formed by the endothelial cells of that vessel. Similarly, in order for 

20 substances to enter the body via the gut, the substances must first pass through a barrier 
formed by the epithelial cells of that tissue. To enter the blood via the skin, both 
epithelial and endothelial cell layers must be crossed. 

Cell adhesion is mediated by specific cell surface adhesion molecules 
(CAMs). There are many different families of CAMs, including the immunoglobulin, 

25 integrin, selectin and cadherin superfamilies, and each cell type expresses a unique 
combination of these molecules. Cadherins are a rapidly expanding family of calcium- 
dependent CAMs (Munro et al., In: Cell Adhesion and Invasion in Cancer Metastasis, 
P. Brodt, ed., pp. 17-34, RG Landes Co.(Austin TX, 1996). The classical cadherins 
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**" CADS) " ^ — — - generally promote ceU 

adhes,o„ through hemophilic interactions (a CAD on the surface of one ceil binds ,o an 
■dentica. CAD on the surface of another ceU), although CADs also appear to he oapahle 
of formmg heterotypic complexes with one another uoder certain circumstances and 
w„h lower affinity. Cadherins have heen shown * regulate epithelial, endotheha, 
neural and cancer eel, adhesion, with different CADs expressed on different cell types' 
( " eUral) " ' S pressed by neural cel.s, endothelial cells and a 

vartety of cancer cel, types. E (epithelial, - cadherin is predominantly expressed by 

,0 z* r'r'n other cads ™ p - ^ » ^ * 

and R (refcnal, - cadherin. A derailed discussion of the classical cadherins ia provided 

tn Monro SB e, al., ,996, /„. ^ Wo „ ,„ ^ 

Brodt, ed., pp. 1 7-34 (RG Landes Company, Austin TX). 

The snucrures of the CADs are generally similar. As illustrated in Figure 

, CADs are composed of five extracellular domains (EC1-EC5), a single hydrophobic 
domam (TM) that n_s the plasma membrane (PM), and two cytoplasmic domains 

CP 1 and CP2). The calcium binding motifs DXNDN (SEQ ID NO:8), DXD and LORE 
10 N0 9) iDKrs ' , « ed """gtau. me extracellular domains The firs. 
ex,race,,„,ar domain (EC) contains .he classical cadherin eel, adhesion recognition 
(CAR) sequence, HAV (His-Ala-Val), along with flanxing seq ue„ces on either side of*. 
CAR sequence that may play a role in conferring specificity. Synthetic peptides 
contammg the CAR sequence and antibodies dtrected agarns, the CAR sequence have 
been shown to inhibit CAD-dependent processes (Monro et al., su pra , B,ascou k et al J 

BM 2 " 679 -* 2 - B,M * k - < Biol. »9: 22 7. 2 9, ,990; Alexander 

« a,., J. CeU. PHysiol. ,5o:6,0-,8, ,993). Tie three-dimenaiooal solution and crystal 

' TZ T ECI domaiD have been daermbed (0verduto - 

•*»y, 1995; Shapiro et al., Nature 374:327-337, 1995) 

Although cel. adhesion is reqoired for certain normal physiological 
funcons, there are situations in which col, adhesion is undesirable. For example many 
pathologies (such as autoimmune and inflammatory diaeaaes) involve abnorma, cellmar 
adhesmn. Cell adhesion may aJao p,ay a role in graft rejectton. 
modulation of cell adhesion may be desirable. 
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,„ addition, permeability barriers arising from cell adbesion create 
difficulties for the delivery of drugs ,0 specific tissues and motors within the body. For 
example, skin patches are a convenient tool for administering drugs through the sktn. 
However, the use of skin parches has been limited ,0 smaH, hydrophobic rao.ecu.es 
5 because of rbe epithelial and endothelial ceU barriers. Similar.y, endothelial cells render 
the blood capillaries largely impermeable ,o drugs, and the blood/brain barrier has 
hampered the targeting of dntgs .0 the centra, nervous system. In addition, many sohd 
tumors develop internal barriers that limit the delivery of anti-tumor drugs and 

antibodies to inner cells. 
10 Attempts to facilitate the passage of drugs across such barriers generally 

r e,v on specific receptors or carrier proteins ma, transport molecules across barriers . 
vivo However, such methods are often inefficient, due to low endogenous transport 
rates or to the poor functioning of a carrier protein with drugs While improved 
efficiency has been achieved using a variety of chemica. agents that dtsn.pt call 
,5 adhesion, such agents are typically associated with undesirable side-effects, may re,utre 
invasive procedures for adminisrration and may result in irreversible effects. It has 
been suggested that linear synthetic peptides training a cadherin CAR sequence may 
be employed for drug transport (WO 91/04745), bu, such peptides are often 
.etabohcaUy unstable and are general., considered to be poor therapeutic agents. 
20 Peptide agents are generally unsuitable for oral administration. 

Accordingly, there is a need in the art fot compounds that modulate cell 
adhesion and improve drug dehvery across permeabi.ity barriers without such 
disadvantage,. The present invention fit.fills this need and further provides other 
related advantages. 



25 SUMMARY OF THE INVENTION 

The present invention provides peptidomimetics of cyclic peptides 
comprising classical cadherin cell adhesion recognition (CAR) sequences, as well as 
me thods for modulating cadherin-mediated. cell adhesion. Within certain aspects, the 
pre sent invention provides cell adhesion modulating agents that comprise a structure 

30 hown in any one of Figures 11, 13, 15A-15BQ 17A-17J, 18A-18E, 19A-I9E, 21A-21N, 
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22A-22H, 23A-23F, 24A-24C, 29A-29Q or 31A-31AI. In specific embodiments, a cell 
adhesion modulating agent comprises a structure provided as any one of compounds 1-12. 

Within further aspects, methods are provided for screening a candidate 
compound for the ability to modulate classical cadherin-mediated cell adhesion, 
5 comprising comparing a three-dimensional structure of a candidate compound to a 
three-dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic peptide ring, wherein similarity between the structure of the candidate 
compound and the structure of the cyclic peptide is indicative of the ability of the 
candidate compound to modulate classical cadherin-mediated cell adhesion. Within 
10 certain embodiments, the cyclic peptide has the formula: 

(Y,)-(X,)-His-Ala.Val-(X2)-(Y 2 ) 
I I 

15 wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues X x and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. Such cyclic peptides include N-Ac-CHAVC-NHo (SEQ ID NO: 10), N- 

20 Ac -CHAVDC -NH 2 (SEQ ID NO:20), N-Ac -CHAVC -Y-NH, (SEQ ID NO.81) and N- 
Ac-CSHAVC-NH 2 (SEQ ID NO:36). The step of comparing may be performed, for 
example, visually or computationally. The candidate compound may, for example, be 
selected from a database of three-dimensional structures, and the three-dimensional 
structures of a candidate compound may be determined experimentally or may be 

25 computer-generated. 

Within further aspects, methods are provided for screening a candidate 
compound for the ability to modulate classical cadherin-mediated cell adhesion, 
comprising comparing a two-dimensional structure of a candidate agent to a two- 
dimensional structure of a compound identified using a method as described above, 

30 wherein similarity between the structure of the candidate agent and the structure of the 
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compound is indicative of the ability of the candidate agent to modulate classical 
cadherin-mediated cell adhesion. 

Methods are further provided, within other aspects, for identifying a 
compound that modulates classical cadherin-mediated cell adhesion, comprising: (a) 

5 determining a level of similarity between a three-dimensional structure of a candidate 
compound and a three-dimensional structure of a cyclic peptide that comprises the 
sequence His-Ala-Val within a cyclic peptide ring; and (b) identifying an alteration in the 
structure of the candidate compound that results in a three-dimensional structure with an 
increased similarity to the three-dimensional structure of the cyclic peptide. Certain such 

10 methods further comprise a step of identifying a second alteration in the structure of the 
candidate compound that results in a three-dimensional structure with a further increased 
similarity to the three-dimensional structure of the cyclic peptide. The alteration may 
result, for example, in a change in one or more parameters selected from the group 
consisting of hydrophobicity, steric bulk, electrostatic properties, size and bond angle. 

15 The present invention further provides a machine-readable data storage 

medium, comprising a data storage material encoded with a set of NMR derived 
coordinates that define a three-dimensional structure of a cyclic peptide having the formula: 

(Y,)-(Xi>His-Ala-Val-(X2)-(Y2) 



wherein X u and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 

25 amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. Within certain embodiments, the cyclic peptide is N-Ac-CHAVC-NH 2 
(SEQ ID NO: 10), N-Ac ^HAVDC -NH, (SEQ ID NO.20), N-Ac-£aWQ-Y-NH 2 
(SEQ ID NO:81) or N-Ac-£SHAVC-NH 2 (SEQ ID NO:36). 

The present invention further provides, within other aspects, methods for 

30 modulating classical cadherin-mediated intercellular adhesion, comprising contacting a 
classical cadherin-expressing cell with a cell adhesion modulating agent that comprises 
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a peptidomimetic having a three-dimensional structure that is substantially similar to a 
three-dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic peptide ring. Certain specific cyclic peptides are as described above. 
Within certain embodiments, the peptidomimetic is a compound having a structure 
5 provided in any one of Figures 11, 13, 15A-15BQ 17A-17J, 18A-18E or 19A-19E, 
21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A-31AI. The cell adhesion 
modulating agent may be present within a pharmaceutical composition comprising a 
physiologically acceptable carrier. 

Methods are further provided for reducing unwanted cellular adhesion in 
10 a mammal, comprising administering to a mammal a cell adhesion modulating agent 
that inhibits cadherin-mediated cell adhesion, wherein the modulating agent comprises 
a peptidomimetic having a three-dimensional structure that is substantially similar to a 
three-dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic peptide ring. Certain specific cyclic peptides are as described above. 
15 Within certain embodiments, the peptidomimetic is a compound having a structure 
provided in any one of Figures 11, 13, 15A-15BQ 17A-17J, 18A-18E or 19A-19E, 
21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A-31AI. The cell adhesion 
modulating agent may be present within a pharmaceutical composition comprising a 
physiologically acceptable carrier. The cell adhesion modulating agent may, but need 
20 not, be linked to a targeting agent. 

Within further aspects, methods are provided for enhancing the delivery 
of a drug to a tumor in a mammal, comprising administering to a mammal: (a) a cell 
adhesion modulating agent that inhibits cadherin-mediated cell adhesion, wherein the 
modulating agent comprises a peptidomimetic having a three-dimensional structure that 
25 is substantially similar to a three-dimensional structure of a cyclic peptide that 
comprises the sequence His-Ala-Val within a cyclic peptide ring; and (b) a drug. 
Certain specific cyclic peptides are as described above. Within certain embodiments, 
the peptidomimetic is a compound having a structure provided in any one of Figures 11, 
13, 15A-15BQ 17A-17J, 18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 
30 29A-29Q 31A-31AL The cell adhesion modulating agent may be present within a 
pharmaceutical composition comprising a physiologically acceptable carrier. The cell 
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adhesion modulating agent may, but need not, be linked to a targeting agent and/or to 
the drug. Tumors include, for example, bladder tumors, ovarian tumors and 
melanomas. Modulating agent may be administered to the tumor or systemically. 

Methods are also provided, within further aspects, for inhibiting the 
5 development of a cancer in a mammal, comprising administering to a mammal a cell 
adhesion modulating agent that inhibits cadherin-mediated cell adhesion, wherein the 
modulating agent comprises a peptidomimetic having a three-dimensional structure that 
is substantially similar to a three-dimensional structure of a cyclic peptide that 
comprises the sequence His-Ala-Val within a cyclic peptide ring. Certain specific 
10 cyclic peptides are as described above. Within certain embodiments, the 
peptidomimetic is a compound having a structure provided in any one of Figures 11, 13, 
15A-15BQ 17A-17J, 18A-18E or 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 
29A-29G, 31A-31AI. The cell adhesion modulating agent may be present within a 
pharmaceutical composition comprising a physiologically acceptable carrier. The cell 
15 adhesion modulating agent may, but need not, be linked to a targeting agent and/or to 
the drug. Cancers include, for example, carcinomas, leukemias and melanomas. 

The present invention further provides methods for inhibiting 
angiogenesis in a mammal, comprising administering to a mammal a modulating agent 
that inhibits cadherin-mediated cell adhesion, wherein the modulating agent comprises 
20 a peptidomimetic having a three-dimensional structure that is substantially similar to a 
three-dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic peptide ring. Certain specific cyclic peptides are as described above. 
Within certain embodiments, the peptidomimetic is a compound having a structure 
provided in any one of Figures 11, 13, 15A-15BQ 17A-17J, 18A-18E or 19A-19E, 
25 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A-31AI. The cell adhesion 
modulating agent may be present within a pharmaceutical composition comprising a 
physiologically acceptable carrier. The cell adhesion modulating agent may, but need 
not, be linked to a targeting agent. Cancers include, for example, carcinomas, 
leukemias and melanomas. 
30 Methods are further provided for enhancing drug delivery to the central 

nervous system of a mammal, comprising administering to a mammal a modulating 
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agent that inhibits cadherin-mediated cell adhesion, wherein the modulating agent 
comprises a peptidomimetic having a three-dimensional structure that is substantially 
similar to a three-dimensional structure of a cyclic peptide that comprises the sequence 
His-Ala-Val within a cyclic peptide ring. Certain specific cyclic peptides are as 
5 described above. Within certain embodiments, the peptidomimetic is a compound 
having a structure provided in any one of Figures 11, 13, 15A-15BQ 17A-17J, 18A- 
18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A-31AI. The 
cell adhesion modulating agent may be present within a pharmaceutical composition 
comprising a physiologically acceptable carrier. The cell adhesion modulating agent 

1 0 may, but need not, be linked to a targeting agent and/or a drug. 

The present invention further provides methods for enhancing wound 
healing in a mammal, comprising contacting a wound in a mammal with a modulating 
agent that enhances cadherin-mediated cell adhesion, wherein the modulating agent 
comprises a peptidomimetic having a three-dimensional structure that is substantially 

15 similar to a three-dimensional structure of a cyclic peptide that comprises the sequence 
His-Ala-Val within a cyclic peptide ring. Certain specific cyclic peptides are as 
described above. Within certain embodiments, the peptidomimetic is a compound 
having a structure provided in any one of Figures 11, 13, 15A-15BQ 17A-17J, 18A- 
18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A-31AI. The 

20 cell adhesion modulating agent may be present within a pharmaceutical composition 
comprising a physiologically acceptable carrier. The cell adhesion modulating agent 
may, but need not, be linked to a targeting agent and/or a support material. 

Methods are further provided for enhancing adhesion of foreign tissue 
implanted within a mammal, comprising contacting a site of implantation of foreign tissue 

25 in a mammal with a modulating agent that enhances cadherin-mediated cell adhesion, 
wherein the modulating agent comprises a peptidomimetic having a three-dimensional 
structure that is substantially similar to a three-dimensional structure of a cyclic peptide 
that comprises the sequence His-Ala-Val within a cyclic peptide ring. Certain specific 
cyclic peptides are as described above. Within certain embodiments, the peptidomimetic 

30 is a compound having a structure provided in any one of Figures 11, 13, 15A-15BQ 17A- 
17J, 18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A-31AI. 
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The cell adhesion modulating agent may be present within a pharmaceutical composition 
comprising a physiologically acceptable carrier. The cell adhesion modulating agent may, 
but need not, be linked to a targeting agent and/or a support material. 

The present invention further provides methods for modulating the 

5 immune system of a mammal, comprising administering to a mammal a cell adhesion 
modulating agent that inhibits cadherin-mediated cell adhesion, wherein the modulating 
agent comprises a peptidomimetic having a three-dimensional structure that is 
substantially similar to a three-dimensional structure of a cyclic peptide that comprises 
the sequence His-Ala-Val within a cyclic peptide ring. Certain specific cyclic peptides 

10 are as described above. Within certain embodiments, the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BQ 17A- 
17J, 18A-18E, 19A-19E, 221A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31 A- 
31AI. The cell adhesion modulating agent may be present within a pharmaceutical 
composition comprising a physiologically acceptable carrier. The cell adhesion 

15 modulating agent may, but need not, be linked to a targeting agent. 

Methods are further provided, within other aspects, for increasing 
vasopermeability in a mammal, comprising administering to a mammal a cell adhesion 
modulating agent that inhibits cadherin-mediated cell adhesion, wherein the modulating 
agent comprises a peptidomimetic having a three-dimensional structure that is 

20 substantially similar to a three-dimensional structure of a cyclic peptide that comprises 
the sequence His-Ala-Val within a cyclic peptide ring. Certain specific cyclic peptides 
are as described above. Within certain embodiments, the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BQ 17A- 
17J, 18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A- 

25 31AI The cell adhesion modulating agent may be present within a pharmaceutical 
composition comprising a physiologically acceptable carrier. 

Within other aspects, the present invention provides methods for treating 
a demyelinating neurological disease, such as multiple sclerosis, in a mammal, 
comprising administering to a mammal: (a) a cell adhesion modulating agent that 

30 inhibits cadherin-mediated cell adhesion, wherein the modulating agent comprises a 
peptidomimetic having a three-dimensional structure that is substantially similar to a 
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three-dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic, peptide ring; and (b) one or more cells capable of replenishing an 
oligodendrocyte population. Certain specific cyclic peptides are as described above. 
Within certain embodiments, the peptidomimetic is a compound having a structure 
i provided in any one of Figures 11, 13, 15A-15BQ 17A-17J, 18A-18E, 19A-19E, 21A- 
21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A-31AI. The cell adhesion 
modulating agent may be present within a pharmaceutical composition comprising a 
physiologically acceptable carrier. The modulating agent may, but need not, be linked 
to a targeting agent and/or a drug. Suitable cells include, for example, Schwann cells, 
oligodendrocyte progenitor ceils and oligodendrocytes. 

Methods are further provided, within other aspects, for facilitating 
migration of an N-cadherin expressing cell on astrocytes, comprising contacting an N- 
cadherin expressing cell with: (a) a cell adhesion modulating agent that inhibits 
cadherin-mediated cell adhesion, wherein the modulating agent comprises a 
peptidomimetic having a three-dimensional structure that is substantially similar to a 
three-dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic peptide ring; and (b) one or more astrocytes. Certain specific cyclic 
peptides are as described above. Within certain embodiments, the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BQ 17A- 
17J, 18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A- 
31AI. The cell adhesion modulating agent may be present within a pharmaceutical 
composition comprising a physiologically acceptable carrier. The agent may, but need 
not, be linked to a targeting agent. The N-cadherin expressing cells may be, for 
example, a Schwann cell, oligodendrocyte progenitor cell or oligodendrocyte. 

The present invention further provides methods for inhibiting synaptic 
stability in a mammal, comprising administering to a mammal a cell adhesion 
modulating agent that inhibits cadherin-mediated cell adhesion, wherein the modulating 
agent comprises a peptidomimetic having a three-dimensional structure that is 
substantially similar to a three-dimensional structure of a cyclic peptide that comprises 
the sequence His-Ala-Val within a cyclic peptide ring. Certain specific cyclic peptides 
are as described above. Within certain embodiments, the peptidomimetic is a 
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compound having a structure provided in any one of Figures 11, 13, 15A-15BQ HA- 
ITI, 18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A- 
31AI. The cell adhesion modulating agent may be present within a pharmaceutical 
composition comprising a physiologically acceptable carrier. 
5 Within further aspects, methods are provided for modulating neurite 

outgrowth, comprising contacting a neuron with a modulating agent that comprises a 
peptidomimetic having a three-dimensional structure that is substantially similar to a 
three-dimensional stmcture of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic peptide ring. Certain specific cyclic peptides are as described above. 
10 Within certain embodiments, the peptidomimetic is a compound having a structure 
provided in any one of Figures 11, 13, 15A-15BG, 17A-17J, 18A-18E, 19A-19E, 21A- 
21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A-31AI. The cell adhesion 
modulating agent may be present within a pharmaceutical composition comprising a 
physiologically acceptable carrier. The agent may, but need not, be linked to a targeting 
15 agent and/or a drug. Neurite outgrowth may, within different embodiments, be 
inhibited or enhanced, and/or may be directed. 

The present invention further provides, within other aspects, methods for 
treating spinal cord injuries in a mammal, comprising administering to a mammal a cell 
' adhesion modulating agent that enhances neurite outgrowth, wherein the modulating 
20 agent comprises a peptidomimetic having a three-dimensional structure that is 
substantially similar to a three-dimensional structure of a cyclic peptide that comprises 
the sequence His-Ala-Val within a cyclic peptide ring. Certain specific cyclic peptides 
are as described above. Within certain embodiments, the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG, 17A- 
25 17J, 18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A- 
31A1. The cell adhesion modulating agent may be present within a pharmaceutical 
composition comprising a physiologically acceptable carrier. The agent may, but need 
not, be linked to a targeting agent and/or a drug. Neurite outgrowth may, within 
different embodiments, be inhibited or enhanced, and/or directed. 
30 Within other aspects, methods are provided for treating macular 

degeneration in a mammal, comprising administering to a mammal a cell adhesion 
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modulating agent that enhances classical cadherin-mediated cell adhesion, wherein the 
modulating agent comprises a peptidomimetic having a three-dimensional structure that 
is substantially similar to a three-dimensional structure of a cyclic peptide that 
comprises the sequence His-Ala-Val within a cyclic peptide ring. Certain specific 

5 cyclic peptides are as described above. Within certain embodiments, the 
peptidomimetic is a compound having a structure provided in any one of Figures 11, 13, 
15A-15BQ 17A-17J, 18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 
29A-29Q 31A-31AI. The cell adhesion modulating agent may be present within a 
pharmaceutical composition comprising a physiologically acceptable carrier. The agent 

10 may, but need not, be linked to a targeting agent and/or a drug. 

Within further aspects, kits are provided for administering a drug via the 
skin of a mammal, comprising: (a) a skin patch; and (b) a cell adhesion modulating agent 
comprising a peptidomimetic having a three-dimensional structure that is substantially 
similar to a three-dimensional structure of a cyclic peptide that comprises the sequence 

15 His-Ala-Val within a cyclic peptide ring. Certain specific cyclic peptides are as described 
above. Within certain embodiments, the peptidomimetic is a compound having a 
structure provided in any one of Figures 11, 13, 15A-15BQ 17A-17J, 18A-18E, 19A- 
19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29Q 31A-31AI. 

Methods are further provided for evaluating a peptidomimetic for the 

20 ability to modulate classical cadherin-mediated cell adhesion. Certain such methods 
comprise: (a) culturing neurons on a monolayer of cells that express N-cadherin in the 
presence and absence of a peptidomimetic, under conditions and for a time sufficient to 
allow neurite outgrowth, wherein the peptidomimetic has a three-dimensional structure 
that is substantially similar to a three-dimensional structure of a cyclic peptide that 

25 comprises the sequence His-Ala-Val within a cyclic peptide ring; (b) determining a 
mean neurite length for said neurons; and (c) comparing the mean neurite length for 
neurons cultured in the presence of peptidomimetic to the neurite length for neurons 
cultured in the absence of the peptidomimetic, and therefrom determining whether the 
peptidomimetic modulates classical cadherin-mediated cell adhesion. 

30 Within further aspects, other such methods comprise: (a) culturing cells 

that express a classical cadherin in the presence and absence of a peptidomimetic, under 
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conditions and for a time sufficient to allow cell adhesion, wherein the peptidomimetic 
has a three-dimensional structure that is substantially similar to a three-dimensional 
structure of a cyclic peptide that comprises the sequence His-Ala-Val within a cyclic 
peptide ring; and (b) visually evaluating the extent of cell adhesion among said cells, 
5 and therefrom identifying a peptidomimetic capable of modulating cell adhesion. The 
cells may be, for example, endothelial, epithelial or cancer cells. 

Still further such methods comprise: (a) culturing NRK cells in the 
presence and absence of a peptidomimetic, under conditions and for a time sufficient to 
allow cell adhesion, wherein the peptidomimetic has a three-dimensional structure that 

10 is substantially similar to a three-dimensional structure of a cyclic peptide that 
comprises the sequence His-Ala-Val within a cyclic peptide ring; and (b) comparing the 
level of cell surface E-cadherin for cells cultured in the presence of the peptidomimetic 
to the level for cells cultured in the absence of the peptidomimetic, and therefrom 
determining whether the peptidomimetic modulates cell adhesion. 

15 Still further such methods comprise: (a) contacting an epithelial surface 

of skin with a test marker in the presence and absence of a peptidomimetic, wherein the 
peptidomimetic has a three-dimensional structure that is substantially similar to a three- 
dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic peptide ring; and (b) comparing the amount of test marker that passes 

20 through said skin in the presence of the peptidomimetic to the amount that passes 
through skin in the absence of the peptidomimetic, and therefrom determining whether 
the peptidomimetic modulates cell adhesion. 

Within further such aspects, the methods comprise: (a) contacting a 
blood vessel with a peptidomimetic, wherein the peptidomimetic has a three- 

25 dimensional structure that is substantially similar to a three-dimensional structure of a 
cyclic peptide that comprises the sequence His-Ala-Val within a cyclic peptide ring; and 
(b) comparing the extent of angiogenesis of the blood vessel to a predetermined extent 
of angiogenesis observed for a blood vessel in the absence of the peptidomimetic, and 
therefrom determining whether the peptidomimetic modulates cell adhesion. 

30 These and other aspects of the invention will become evident upon 

reference to the following detailed description and attached drawings. All references 
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disclosed herein are hereby incorporated by reference in their entirety as if each were 
individually noted for incorporation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagram depicting the structure of classical CADs. The five 
5 extracellular domains are designated EC 1 -ECS, the hydrophobic domain that 
transverses the plasma membrane (PM) is represented by TM, and the two cytoplasmic 
domains are represented by CP1 and CP2. The calcium binding motifs are shown by 
DXNDN (SEQ ID NO:8), DXD, LDRE (SEQ ID NO:9), XDXE (SEQ ID NO:79) and 
DVNE (SEQ ID NO:80). The CAR sequence, HAV, is shown within EC1. 
10 Cytoplasmic proteins P-catenin (P), a-catenin (a) and a-actinin (ACT), which mediate 
the interaction between CADs and microfilaments (MF) are also shown. 

Figure 2 provides the amino acid sequences of mammalian classical 
cadherin EC1 domains: human N-cadherin (SEQ ID NO:l), mouse N-cadherin (SEQ 
ID NO:2), cow N-cadherin (SEQ ID NO:3), human P-cadherin (SEQ ID NO:4), mouse 
15 P-cadherin (SEQ ID NO:5), human E-cadherin (SEQ ID NO:6) and mouse E-cadherin 
(SEQ ID NO:7). 

Figures 3A-3I provides the structures of representative cyclic peptides 
comprising a classical cadherin CAR sequence (structures on the left hand side; SEQ ID 
Nos. 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46 and 48), 
20 along with similar, but inactive, structures (on the right; SEQ ID Nos. 11, 13, 15, 17, 19, 
21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47 and 49). 

Figures 4A and 4B illustrate representative backbone modifications that 
may be present within a peptidomimetic. 

Figure 5 illustrates representative unusual amino acids and dipeptide 
25 surrogates that may be incorporated into a peptidomimetic. 

Figure 6 illustrates representative secondary structure mimics that may 
be incorporated into a peptidomimetic. 

Figures 7A-7C depict the high resolution molecular map of the 
pharmacophore of N-Ac -CHAVC -NH-> (SEQ ID NO: 10). The three low energy 
30 conformations whose three dimensional structures most closely mimic the 

BNSDOCIO: <WO 0153331 A3_IA> 

I 



WO 01/053331 - PCT/US01/02508 



15 

experimentally determined NOESY data are indicated as Structure 1 (Figure 7A), 
Structure 2 (Figure 7B) and Structure 3 (Figure 7C). 

Figures 8A and 8B depict the 3-D conformation of the pharmacophore 
HAV of N-Ac-CHAVC-NH 2 (Figure 8A; SEQ ID NO: 10) compared to the HAV 
5 depicted in the x-ray structures of N-cadberin (Figure 8B). 

Figures 9A-9D depict the four low energy conformations of the high 
resolution molecular map of the pharmacophore of N-Ac -CHAVC -Y-NH? (SEQ ED 
NO:81). 

Figure 10 depicts the overlap of the 3-D conformation of the 
10 pharmacophore HAV of N-Ac-CHAVC.NH 2 (SEQ ID NO: 10) with the pharmacophore 
HAV of N-Ac-CHAVC-Y-NH 2 (SEQ ID NO:81). 

Figure 1 1 depicts structures of representative peptidomimetics 
(compounds 1-3). 

Figure 12A depicts a cyclization scheme based upon the three- 
15 dimensional solution conformation of N-Ac-CHAVC-NH 2 (SEQ ID NO: 10) and its 
solution-activity relationships. 

Figure 12B presents the structure of compound 4 and a low energy 
conformation of compound 4 derived from cyclization of a key element of N-Ac- 
CHAVC -NH, (SEQ ID NO: 10). 
20 Figure 12C presents a comparison of the three dimensional structure of 

the representative peptidomimetic compound 4 with the three dimensional structure of 
the HAV region of N-Ac -CHAVC -NH, (SEQ ID NO: 10). 

Figure 12D depicts structures of representative peptidomimetics 
designed by replacing the disulfide bond of N- Ac-CHAVC-NH 2 (SEQ ID NO: 10) with 
25 a thioether bond. 

Figures 13A-13B depict representative peptidomimetics derived from 
library synthesis using hydantoin or oxopiperazine backbones (compounds 5-12). 

Figures 14A-14C illustrate the pharmacophore queries derived from the 
pharmacophore in N- Ac-CHAVC-NH 2 (SEQ ID NO: 10), and used in chemical database 
30 searches. Figure 14A depicts the three dimensional structure of the HAV region of N- 
Ac- CHAVC -NH? (SEQ ID NO: 10), with distances used in the pharmacophore queries 
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indicated. Figures 14B and 14C depict the five pharmacophore queries derived from 
the pharmacophore in N-Ac- CHAVC -NH 2 (SEQ ID NO:10) and used in chemical 
database searches. 

Figures 15A-15BG depict structures of representative non-peptidyl 
5 analogues of N-Ac-CHAVC-NH 2 (SEQ ID NO:10) derived from 3D-pharmacophore 
database searching using the pharmacophore queries depicted in Figures 14A-14C 

(compounds 13-282). 

Figure 16 depicts a pharmacophore query derived from the 
pharmacophore in N-Ac-€H£VC-Y-NH 2 (SEQ ID NO.81) and used in chemical 

10 database searches. 

Figures 17A-17J depict structures of representative non-peptidyl 
analogues of N-Ac-CHAV£-Y-NH 2 (SEQ ID NO.81) derived from 3D-pharmacophore 
database searching using the pharmacophore query depicted in Figure 16 (compounds 
283-311). 

Figures 18A-18E depict structures of representative non-peptidyl 
analogues of the active compound 35, as identified by a two-dimensional similarity 

search (compounds 312-331). 

Figures 19A-19E depict structures of representative non-peptidyl 
analogues of the active compound 47, as identified by a two-dimensional similarity 

20 search (compounds 332-344). 

Figures 20A-20D depict the four low energy conformations of the high 
resolution molecular map of the pharmacophore of N-Ac-CHAYD£-NH 2 (SEQ ID 
NO:20). 

Figures 21A-21N depict further structures of representative non-peptidyl 
analogues of N-Ac-CHAY£-NH 2 (SEQ ID NO: 10) derived from 3D-phamacophore 
database searching using the pharmacophore queries depicted in Figures 14A-14C 

(compounds 345-399). 

Figures 22A-22H depict structures of representative non-peptidyl analogues 
of the active compound 65, as identified by a two-dimensional similarity search. 



15 



25 
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Figures 23A-23F depict structures of representative non-peptidyl 
analogues of the active compound 184, as identified by a two-dimensional similarity 
search (compounds 400-433). 

Figure 24A-24C shows the structures of thioether analogues of N-Ac- 
5 CHAVC -NH 2 . (SEQ ID NO: 1 0). 

Figure 25A depicts the lowest energy conformation of CH^COHAVP - 
NH 2 .(SEQ ID N0.94). 

Figure 25B depicts the conformation of £B?CQHAV(% NH. (SEQ ID 
NO:94) with the lowest RMS deviation from solution 3D conformations of N-Ac- 
10 CHAV£-NH 2 (SEQ ID NO: 10) depicted in Figures 7A and 7B. 

Figure 25C depicts the conformation of CH>COHAVr-MH. (SEQ ID 
NO:94) with the lowest RMS deviation from the solution 3D conformation of N-Ac- 
CHAVC -NH 2 (SEQ ID NO: 10) depicted in Figure 7C. 

Figure 26 A depicts the lowest energy conformation of CH ? COGHAV(% 
15 NH 2 (SEQ ID NO:95). 

Figure 26B depicts the conformation of CHoCOflHAVr-MH^ (SEQ ID 
NO:95) with the lowest RMS deviation from solution 3D conformations of N-Ac- 
CHAVC -NH 2 (SEQ ID NO: 10) depicted in Figures 7A and 7B. 

Figure 26C depicts the conformation of CH2£QGiJAVC-NH 2 (SEQ ID 
NO:95) with the lowest RMS deviation from the solution 3D conformation of N-Ac- 
CHAVC -NH 2 (SEQ ID NO: 10) as depicted in Figure 7C. 

Figure 27 A depicts the lowest energy conformation of C H,CONHAVC - 
NH 2 (SEQ ID NO:96) which also has the lowest RMS deviation from the solution 3D 
conformation of N-Ac-£HAVC.-NH 2 (SEQ ID NO: 10) as depicted in Figure 7B. 

Figure 27B depicts the conformation of CB,CONHAVr -NrH 7 (SEQ ID 
NO:96) with the lowest RMS deviation from solution 3D conformations of N-Ac- 
CHAVC -NH 2 (SEQ ID NO: 1 0) depicted in Figure 7A. 

Figure 27C depicts the conformation of CHoCONHAVr -MH. (SEQ ID 
NO:96) with the lowest RMS deviation from the solution 3D conformation of N-Ac- 
30 CHAVC -NH 2 (SEQ ID NO: 10) as depicted in Figure 7C. 
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Figure 28 depicts a second pharmacophore query derived from the 
pharmacophore in N-Ac-CHAY£-Y-NH 2 (SEQ ID NO:81) and used in chemical 
database searches. 

Figure 29A-29G depicts structures of representative non-peptidyl 
5 analogues of N-Ac-CHAV£-Y-NH 2 (SEQ ID NO:81) derived from 3D-pharmacophore 
database searching using the pharmacophore query depicted in Figure 25 (compounds 
465-481). 

Figure 30 illustrates the pharmacophore queries derived from the 
pharmacophore in N-Ac -CHAVDC -NH, (SEQ ID NO:20) and used in chemical 
10 database searches. 

Figures 31A-31AI depict structures of representative non-peptidyl 
analogues of N-Ac- CHAVDC -NH, (SEQ ID NO:20) derived from 3D-pharmacophore 
database searching using the pharmacophore queries depicted in Figure 30 (compounds 
482-593). 

15 Figures 32A-32B depict the two low energy conformations of the high 

resolution map of the pharmacophore of N-Ac-CSHAVC-NH 2 (SEQ ID NO:36). 

DETAILED DESCRIPTION OF THE INVENTION 

As noted above, the present invention provides cell adhesion modulating 
agents comprising peptidomimetics that are capable of modulating classical cadherin- 

20 mediated processes, such as cell adhesion. The peptidomimetics provided herein may 
be peptide or non-peptidyl analogues of cyclic peptides that contain the classical 
cadherin cell adhesion recognition (CAR) sequence HAV (i.e., His-Ala-Val) within the 
peptide ring. Peptidomimetics do not contain the sequence HAV (although a 
peptidomimetic may contain a portion of this sequence), but substantially retain the 

25 three-dimensional conformation of such a cyclic peptide, as well as the ability to 
modulate a classical cadherin-mediated process. 

Certain modulating agents described herein inhibit cell adhesion. Such 
modulating agents may generally be used, for example, to treat diseases or other 
conditions characterized by undesirable cell adhesion or to facilitate drug delivery to a 

30 specific tissue or tumor. Alternatively, certain modulating agents may be used to 
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enhance cell adhesion (e.g., to supplement or replace stitches or to facilitate wound 
healing) or to enhance or direct neurite outgrowth. 

Cyclic Peptides 

Peptidomimetics provided herein are derived from cyclic peptides. Such 
5 cyclic peptides are generally as described in PCT publication WO 98/02452. The term 
"cyclic peptide," as used herein, refers to a peptide or salt thereof that comprises (1) an 
intramolecular covalent bond between two non-adjacent residues and (2) at least one 
classical cadherin cell adhesion recognition (CAR) sequence HAV (His-Ala-Val). The 
intramolecular bond may be a backbone to backbone, side-chain to backbone or side- 
10 chain to side-chain bond (i.e., terminal functional groups of a linear peptide and/or side 
chain functional groups of a terminal or interior residue may be linked to achieve 
cyclization). Preferred intramolecular bonds include, but are not limited to, disulfide, 
amide and thioether bonds. Preferred cyclic peptides for use in designing a 
peptidomimetic satisfy the formula: 

15 

(YO-CXO-His-Ala-Val^Xj)-^) 
I I 

wherein X|, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

Within certain embodiments, a cyclic peptide preferably comprises an N- 
acetyl group (i.e., the amino group present on the amino terminal residue of the peptide 
prior to cyclization is acetylated) or an N-formyl group (i.e., the amino group present on 
the amino terminal residue of the peptide prior to cyclization is formylated), or the 
amino group present on the amino terminal residue of the peptide prior to cyclization is 
mesylated. It has been found, within the context of the present invention, that the 
presence of such terminal groups may enhance cyclic peptide activity for certain 
applications. One particularly preferred cyclic peptide is N-Ac -CHAVC -Ntt, (SEQ ID 
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NO:10). Another preferred cyclic peptide is N-Ac-£HAYC-Y-NH 2 (SEQ ID NO:81), 
and N-Ac-CHAVDC-NH 2 (SEQ ID NO:20) and N-Ac-CSHAVC-NH 2 (SEQ ID NO:36) 
are also preferred. Other cyclic peptides include, but are not limited to: N-Ac- 
CHAVDJC-NH2 (SEQ ID NO:50), N-A r. -CH AVDINC -NH? (SEQ ID NO:51), N-Ac- 
5 CH AVDINGC -NH2 (SEQ ID NO:76), N-Ac-CAHAVC-NH, (SEQ ID NO:22), N-Ac- 
CAHAVDC-NH2 (SEQ ID NO:26), N-Ac-£AHAYD1£-NH 2 (SEQ ID NO:24), N-Ac- 
CR AH AVDC -NH 2 (SEQ ID NO:28), N-Ac-CLRAHAVC-NH 2 (SEQ ID NO:30), N- 
Ar. r.l .R AHAVDC -NH? (SEQ ID NO:32), , N-Ac-£FSHMC-NH 2 (SEQ ID NO:82), 
NJ-An -CLFSHAVC -NH, (SEQ ID NO:83), N-Ac-£HAYS£-NH 2 (SEQ ID NO:38), N- 
10 Ac -CSHAVSC -NH 2 (SEQ ID NO:40), N-Ac-CSHAVSSC-NH 2 (SEQ ID NO:42), N- 
Ar. -CHAVSSC -NH, (SEQ ID NO:44), N-Ac-KHAVD-NH 2 (SEQ ID NO: 12), N-Ac- 
DHAVK-NH, (SEQ ID NO: 14), N-Ac-KHAVE-NH 2 (SEQ ID NO: 16), N-Ac- 
AHAVD1-NH? (SEQ ID NO:34), N-Ac-SHAVDSS-NH 2 (SEQ ID NO:77), N-Ac- 
KSHAVSSD-NH 2 (SEQ ID NO:48), N-Ac-CHAYC-S-NH 2 (SEQ ID NO:84), N-Ac-S- 
15 CHAVC-NH 2 (SEQ ID NO:85), N-Ac-CHAVC-SS-NH 2 (SEQ ID NO:86), N-Ac-S- 
CHAVC -S-NH 2 (SEQ ID NO:87), N-Ac-CHAX£-T-NH 2 (SEQ ID NO:88), N-Ac- 
CHAVC -E-NH. (SEQ ID NO:89), N-Ac-£H^VC-D-NH 2 (SEQ ID NO:90), N-Ac- 
CRAVYC-NH 2 (SEQ ID NO:91), CH 3 -S0 2 -HN-CHAY£-Y-NH 2 (SEQ ID NO:81; 
formed by mesylation of N-Ac-CHAYC-Y-NH 2 (SEQ ID NO:81)), CH 3 -S0 2 -HN- 
20 CHAVC-NH 2 (SEQ ID NO: 1 0; formed by mesylation of N-Ac- £HAVC-NH 2 (SEQ ID 
NO: 10)), HC(0)-NH-£HAV£-NH 2 (SEQ ID NO: 10; formed by formylation of N-Ac- 
CHAVC -NH? (SEQ ID NO: 10)), N-Ac-£HAVPen-NH 2 (SEQ ID NO:68), N-Ac- 
PenHAVC-NH 2 (SEQ ID NO:92) and N-Ac-£HAYE£-NH 2 (SEQ ID NO:93). In the 
foregoing cyclic peptides, the underlined portion is cyclized, "Pen" is penicillamine, 
25 "N-Ac" indicates an acetylated N-terminal amino group, and "NH" indicates the 
terminal amino group in which N is covalently linked to hydrogen. 

In addition to the CAR sequence(s), cyclic peptides generally comprise 
at least one additional residue, such that the size of the cyclic peptide ring ranges from 4 
to about 15 residues, preferably from 5 to 10 residues. Such additional residue(s) may 
30 be present on the N-terminal and/or C-terminal side of a CAR sequence, and may be 
derived from sequences that flank the HAV sequence within one or more naturally 
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occurring cadherins {e.g., N-cadherin, E-cadherin, P-cadherin, R-cadherin or other 
cadherins containing the HAV sequence) with or without amino acid substitutions 
and/or other modifications. Flanking sequences for endogenous N-, E-, P- and R- 
cadherin are shown in Figure 2, and in SEQ ID NOs:l-7. Database accession numbers 
5 for representative naturally occurring cadherins are as follows: human N-cadherin 
M34064, mouse N-cadherin M3 1131 and M22556, cow N-cadherin X53615, human P- 
cadherin X63629, mouse P-cadherin X06340, human E-cadherin Z 13009, mouse E- 
cadherin X061 1 5. Alternatively, additional residues present on one or both sides of the 
CAR sequence(s) may be unrelated to an endogenous sequence {e.g., residues that 
10 facilitate cyclization). 

Within certain preferred embodiments, as discussed below, relatively 
small cyclic peptides that do not contain significant sequences flanking the HAV 
sequence are preferred for use in designing peptidomimetics. Such peptides may 
contain an N-acetyl group and a C-amide group {e.g., the 5-residue rings N-Ac- 
CHAVC -NH 2 (SEQ ID NO: 10), N-Ac-KHAVD-NH 2 (SEQ ID NO: 12), H-C(O)- 
CHAVC-NH 2 (SEQ ID NO: 10), CH 3 -SCb-NH-CHAYC-NH 2 (SEQ ID NO.10), N-Ac- 
£HAVC-Y-NH 2 (SEQ ID NO:81), H-C(0)-£HAVC-Y-NH 2 (SEQ ID NO:81) or CH 3 - 
S0 2 -NH-CHAV£-Y-NH 2 (SEQ ID NO:8 1)). 

Within other preferred embodiments, a cyclic peptide may contain 
sequences that flank the HAV sequence on one or both sides that are designed to confer 
specificity for cell adhesion mediated by one or more specific cadherins, resulting in a 
conformation that provides tissue and/or cell-type specificity. Suitable flanking 
sequences for conferring specificity include, but are not limited to, endogenous 
sequences present in one or more naturally occurring cadherins, and cyclic peptides 
having specificity may be identified using the representative screens provided herein. 
For example, it has been found, within the context of the present invention, that cyclic 
peptides that contain additional residues derived from the native E-cadherin sequence 
on the N-terminal side of the CAR sequence are specific for epithelial cells {i.e., such 
peptides disrupt E-cadherin mediated cell adhesion to a greater extent than they disrupt 
N-cadherin expression). The addition of appropriate endogenous sequences may 
similarly result in peptides that disrupt N-cadherin mediated cell adhesion. For 
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example, it has been found within the context of the present invention that the addition 
of one or more amino acid residues on the C-terminal side of the HAV sequence in an 
endogenous N-cadherin results in cyclic peptides that are potent inhibitors of neurite 
outgrowth. Peptidomimetics that are designed based on such cyclic peptides may 

5 display the specificity of the base cyclic peptide. 

Cyclic peptides as described herein may comprise residues of L-amino 
acids, D-amino acids, or any combination thereof. Amino acids may be from natural or 
non-natural sources, provided that at least one amino group and at least one carboxyl 
group are present in the molecule; a- and P-amino acids are generally preferred. The 

10 20 L-amino acids commonly found in proteins are identified herein by the conventional 
three-letter or one-letter abbreviations indicated in Table 1, and the corresponding D- 
amino acids are designated by a lower case one letter symbol. Cyclic peptides may also 
contain one or more rare amino acids (such as 4-hydroxyproline or hydroxyzine), 
organic acids or amides and/or derivatives of common amino acids, such as amino acids 

15 having the C-terminal carboxylate esterified (e.g., benzyl, methyl or ethyl ester) or 
amidated and/or having modifications of the N-terminal amino group (e.g., acetylation 
or alkoxycarbonylation), with or without any of a wide variety of side-chain 
modifications and/or substitutions (e.g., methylation, benzylation, t-butylation, 
tosylation, alkoxycarbonylation, and the like). Preferred derivatives include amino 

20 acids having an N-acetyl group (such that the amino group that represents the N- 
terminus of the linear peptide prior to cyclization is acetylated) and/or a C-terminal 
amide group (i.e., the carboxy terminus of the linear peptide prior to cyclization is 
amidated). Residues other than common amino acids that may be present with a cyclic 
peptide include, but are not limited to, penicillamine, 0,0-tetrametbylene cysteine, p,p- 

25 pentamethylene cysteine, p-mercaptopropionic acid, p,p-pentamethylene-p- 
mercaptopropionic acid, 2-mercaptobenzene, 2-mercaptoaniline, 2-mercaptoproline, 
ornithine, diaminobutyric acid, a-aminoadipic acid, m-aminomethylbenzoic acid and 
<x,P-diaminopropionic acid. 
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Table 1 

Amino a cid one-letter and three-letter abbreviations 



5 



10 



15 



20 



A 


Ala 


Alanine 


R 


Arg 


Arginine 


D 


Asp 


Aspartic acid 


N 


Asn 


Asparagine 


C 


Cys 


Cysteine 


Q 


Gin 


Glutamine 


E 


Glu 


Glutamic acid 


G 


Gly 


Glycine 


H 


His 


Histidine 


I 


He 


Isoleucine 


L 


Leu 


Leucine 


K 


Lys 


Lysine 


M 


Met 


Methionine 


F 


Phe 


Phenylalanine 


P 


Pro 


Proline 


S 


Ser 


Serine 


T 


Thr 


Threonine 


W 


Trp 


Tryptophan 


Y 


Tyr 


Tyrosine 


V 


Val 


Valine 



Cyclic peptides as described herein may be synthesized by methods well 
25 known in the art, including recombinant DNA methods and chemical synthesis. 
Chemical synthesis may generally be performed using standard solution phase or solid 
phase peptide synthesis techniques, in which a peptide linkage occurs through the direct 
condensation of the a-amino group of one amino acid with the a-carboxy group of the 
other amino acid with the elimination of a water molecule. Peptide bond synthesis by 
30 direct condensation, as formulated above, requires suppression of the reactive character 
of the amino group of the first and of the carboxyl group of the second amino acid. The 
masking substituents must permit their ready removal, without inducing breakdown of 
the labile peptide molecule. 
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In solution phase synthesis, a wide variety of coupling methods and 
protecting groups may be used (see Gross and Meienhofer, eds., "The Peptides: 
Analysis, Synthesis, Biology," Vol. 1-4 (Academic Press, 1979); Bodansky and 
Bodansky, "The Practice of Peptide Synthesis," 2d ed. (Springer Verlag, 1994)). In 
5 addition, intermediate purification and linear scale up are possible. Those of ordinary 
skUl in the art will appreciate that solution synthesis requires consideration of main 
chain and side chain protecting groups and activation method. In addition, careful 
segment selection is necessary to minimize racemization during segment condensation. 
In particular, a high percentage of racemization may be observed when residues such as 
10 Phe-Gly are coupled. Such situations are, however, uncommon. Solubility 
considerations are also a factor. 

Solid phase peptide synthesis uses an insoluble polymer for support during 
organic synthesis. The polymer-supported peptide chain permits the use of simple 
washing and filtration steps instead of laborious purifications at intermediate steps. Solid- 
15 phase peptide synthesis may generally be performed according to the method of 
Merrifield et al., J. Am. Chem. Sac. 55:2149, 1963, which involves assembling a linear 
peptide chain on a resin support using protected amino acids. Solid phase peptide 
synthesis typically utilizes either the Boc or Fmoc strategy. The Boc strategy uses a 1% 
cross-linked polystyrene resin. The standard protecting group for cc-amino functions is 
20 the tert-butyloxycarbonyl (Boc) group. This group can be removed with dilute solutions 
of strong acids such as 25% trifluoroacetic acid (TEA). The next Boc-amino acid is 
typically coupled to the amino acyl resin using dicyclohexylcarbodiimide (DCC). 
Following completion of the assembly, the peptide-resin is treated with anhydrous HF to 
cleave the benzyl ester link and liberate the free peptide. Side-chain functional groups are 
25 usually blocked during synthesis by benzyl-derived blocking groups, which are also 
cleaved by HF. The free peptide is then extracted from the resin with a suitable solvent, 
purified and characterized. Newly synthesized peptides can be purified, for example, by 
gel filtration, HPLC, partition chromatography and/or ion-exchange chromatography, and 
may be characterized by, for example, mass spectrometry or amino acid sequence 
30 analysis. In the Boc strategy, C-terminal amidated peptides can be obtained using 
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benzhydrylamine or metbylbenzhydrylamine resins, which yield peptide amides directly 

upon cleavage with HF. 

In the procedures discussed above, the selectivity of the side-chain 
blocking groups and of the peptide-resin link depends upon the differences in the rate of 
5 acidolytic cleavage. Orthoganol systems have been introduced in which the side-chain 
blocking groups and the peptide-resin link are completely stable to the reagent used to 
remove the a-protecting group at each step of the synthesis. The most common of 
these methods involves the 9-fluorenylmethyloxycarbonyl (Fmoc) approach. Within 
this method, the side-chain protecting groups and the peptide-resin link are completely 
10 stable to the secondary amines used for cleaving the N-a-Fmoc group. The side-chain 
protection and the peptide-resin link are cleaved by mild acidolysis. The repeated 
contact with base makes the Merrifield resin unsuitable for Fmoc chemistry, and p- 
alkoxybenzyl esters linked to the resin are generally used. Deprotection and cleavage 
are generally accomplished using TFA. 
15 Those of ordinary skill in the art will recognize that, in solid phase 

synthesis, deprotection and coupling reactions must go to completion and the side-chain 
blocking groups must be stable throughout the entire synthesis. In addition, solid phase 
synthesis is generally most suitable when peptides are to be made on a small scale. 

Acetylation of the N-terminal can be accomplished by reacting the final 
20 peptide with acetic anhydride before cleavage from the resin. C-amidation is 
accomplished using an appropriate resin such as methylbenzhydrylamiiie resin using the 
Boc technology. 

Following synthesis of a linear peptide, with or without N-acetylation 
and/or C-amidation, cyclization may be achieved by any of a variety of techniques well 

25 known in the art. Within one embodiment, a bond may be generated between reactive 
amino acid side chains. For example, a disulfide bridge may be formed from a linear 
peptide comprising two thiol-containing residues by oxidizing the peptide using any of a 
variety of methods. Within one such method, air oxidation of thiols can generate 
disulfide linkages over a period of several days using either basic or neutral aqueous 

30 media. The peptide is used in high dilution to minimize aggregation and intermolecular 
side reactions. This method suffers from the disadvantage of being slow but has the 
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advantage of only producing H 2 0 as a side product. Alternatively, strong oxidizing 
agents such as I 2 and K 3 Fe(CN)6 can be used to form disulfide linkages. Those of 
ordinary skill in the art will recognize that care must be taken not to oxidize the sensitive 
side chains of Met, Tyr, Trp or His. Cyclic peptides produced by this method require 
5 purification using standard techniques, but this oxidation is applicable at acid pHs. By 
way of example, strong oxidizing agents can be used to perform the cyclization shown 
below (SEQ ID NOs:62 and 63), in which the underlined portion is cyclized: 

FmocCysAsp(t-Bu)GlyTyr(t-Bu)ProLys(Boc)Asp(t-Bu)CysLys(t-Bu)Gly-OMe -» 
10 Fmn r.r.v S A S prt-Bu1GlvTvrft -RH'>ProLvsfBocUsDft-Bu)CvsLvs(t-Bu)Gly-OMe 

Oxidizing agents also allow concurrent deprotection/oxidation of 
suitable S-protected linear precursors to avoid premature, nonspecific oxidation of free 
cysteine, as shown below (SEQ ID NOs: 64 and 65), where X and Y = S-Trt or S-Acm: 

15 

BocCys(X)GlyAsnLeuSer(t-Bu)Thr(t-Bu)Cys(Y)MetLeuGlyOH -+ 
Rorr ysGlvAsnLeuSerft- RtAThrft-Bu^CvsMetLeuGlvOH 

DMSO, unlike I 2 and K 3 Fe(CN)6 , is a mild oxidizing agent which does 
20 not cause oxidative side reactions of the nucleophilic amino acids mentioned above. 
DMSO is miscible with H 2 0 at all concentrations, and oxidations can be performed at 
acidic to neutral pHs with harmless byproducts. Methyltrichlorosilane- 
diphenylsulfoxide may alternatively be used as an oxidizing agent, for concurrent 
deprotection/oxidation of S-Acm, S-Tacm or S-t-Bu of cysteine without affecting other 
25 nucleophilic amino acids. There are no polymeric products resulting from 
intermolecular disulfide bond formation. In the example below (SEQ ID NOs: 66 and 
67), X is Acm, Tacm or t-Bu: 

H-Cys(X)TyrIleGlnAsnCys(X)ProLeuGly-NH 2 -+ 
30 H -CvsTvrIleGlnAsnCvs ProLeuGly-NH 2 

Suitable thiol-containing residues for use in such oxidation methods 
include, but are not limited to, cysteine, p\p-dimethyl cysteine (penicillamine or Pen), 
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P,p-tetramethylene cysteine (Tmc), P,P-pentamethylene cysteine (Pmc), P- 
mercaptopropionic acid (Mpr), P,P-pentamethylene-P-mercaptopropionic acid (Pmp), 
2-mercaptobenzene, 2-mercaptoaniline and 2-mercaptoproiine. Peptides containing 
such residues are illustrated by the following representative formulas, in which the 
5 underlined portion is cyclized, N-acetyl groups are indicated by N-Ac and C-terminal 
amide groups are represented by -NH 2 : 

i) N-Ac -Cvs-His-Ala-Val-Cvs -NHo (SEQ ID NO : 1 0) 

10 ") N-Ac -Cvs-Ala-His-Ala-Val-Asp-Ile-Cvs -NH^ fSFO ID 

iii) N-Ac -Cvs-Ser-His-Ala-Val-Cvs -NH-, (SEQ ID NO:36) 

i v) N-Ac -Cvs-His-Ala-Vat-Sftr-rvs -NH. (SEQ ID NO:3 8) 

15 

v) N-Ac- Cvs-Ala-His-Ala-Val-Asp-Cys -NH-, (SEQ ID NO:26) 

vi) N-Ac-Cvs-Ser-His-Ala-Va l-Ser-Ser-Cvs -NH, (SEQ ID NO:42) 
20 vii) N-Ac -Cvs-His-Ala-Val-Ser-Cvs -OH (SEQ TP NmR) 

viii) H-Cvs-Ala- His-Ala-Val-Asp-Cvs -NH, (SEQ ID NO:26) 

ix) N-Ac- Cvs-Hi s- A la- Va UPen -NH. (SEQ ID NO :68) 

25 

x) N-Ac-Ile-Tmc-Tvr-Ser-H is-Ala-Val-Ser-Cvs -filii->JH 7 (SEQ ID NO:69) 

xi) N-Ac-Ile-Pmc-Tvr-Ser-His- Ala-Val-Ser-Ser-Cv S .NH, (SEQ ID NO:70) 
30 xii) Mpr-Tvr-Ser-His-Ala-Val-Ser-Ser-Cvs -NH, (SEQ ID NO:71) 
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5 

xiii) 



10 

It will be readily apparent to those of ordinary skill in the art that, within 
each of these representative formulas, any of the above thiol-containing residues may 
be employed in place of one or both of the thiol-containing residues recited. 

Within further embodiments, cyclization may be achieved by amide 

15 bond formation. For example, a peptide bond may be formed between terminal 
functional groups (z.e., the amino and carboxy termini of a linear peptide prior to 
cyclization). Two such cyclic peptides are AHAVDI (SEQ ID NO:34) and SHAYS S 
(SEQ ID NO:46), with or without an N-terminal acetyl group and/or a C-terminal 
amide. Within another such embodiment, the linear peptide comprises a D-amino acid 

20 (e.g., HAVsS : SEQ ID NO:73). Alternatively, cyclization may be accomplished by 
linking one terminus and a residue side chain or using two side chains, as in KHAVD 
(SEQ ID NO: 12) or KSHAVSSD (SEQ ID NO:48), with or without an N-terminal 
acetyl group and/or a C-terminal amide. Residues capable of forming a lactam bond 
include lysine, ornithine (Orn), a-amino adipic acid, m-aminomethylbenzoic acid, a,P- 

25 diaminopropionic acid, glutamate or aspartate. 
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Methods for forming amide bonds are well known in the art and are 
based on well established principles of chemical reactivity. Within one such method, 
carbodiimide-mediated lactam formation can be accomplished by reaction of the 
carboxylic acid with DCC, DIC, EDAC or DCCI, resulting in the formation of an O- 
5 acylurea that can be reacted immediately with the free amino group to complete the 
cyclization. The formation of the inactive N-acylurea, resulting from 0->N migration, 
can be circumvented by converting the O-acylurea to an active ester by reaction with an 
N-hydroxy compound such as 1 -hy droxybenzotriazole, 1-hydroxysuccinimide, 1- 
hydroxynorbornene carboxamide or ethyl 2-hydroximino-2-cyanoacetate. In addition 

10 to minimizing 0-*N migration, these additives also serve as catalysts during 
cyclization and assist in lowering racemization. Alternatively, cyclization can be 
performed using the azide method, in which a reactive azide intermediate is generated 
from an alkyl ester via a hydrazide. Hydrazinolysis of the terminal ester necessitates 
the use of a t-butyl group for the protection of side chain carboxyl functions in the 

15 acylating component. This limitation can be overcome by using diphenylphosphoryl 
acid (DPPA), which furnishes an azide directly upon reaction with a carboxyl group. 
The slow reactivity of azides and the formation of isocyanates by their 
disproportionation restrict the usefulness of this method. The mixed anhydride method 
of lactam formation is widely used because of the facile removal of reaction by- 

20 products. The anhydride is formed upon reaction of the carboxylate anion with an alkyl 
chloroformate or pivaloyl chloride. The attack of the amino component is then guided 
to the carbonyl carbon of the acylating component by the electron donating effect of the 
alkoxy group or by the steric bulk of the pivaloyl chloride t-butyl group, which 
obstructs attack on the wrong carbonyl group. Mixed anhydrides with phosphoric acid 

25 derivatives have also been successfully used. Alternatively, cyclization can be 
accomplished using activated esters. The presence of electron withdrawing substituents 
on the alkoxy carbon of esters increases their susceptibility to aminolysis. The high 
reactivity of esters of p-nitropbenol, N-hydroxy compounds and polyhalogenated 
phenols has made these "active esters" useful in the synthesis of amide bonds. The last 

30 few years have witnessed the development of benzotriazolyloxytris- 
(dimethylamino)phosphonium hexafluorophosphonate (BOP) and its congeners as 
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advantageous coupling reagents. Their performance is generally superior to that of the 
well established carbodiimide amide bond formation reactions. 

Within a further embodiment, a thioether linkage may be formed 
between the side chain of a thiol-containing residue and an appropriately derivatized a- 

5 amino acid. By way of example, a lysine side chain can be coupled to bromoacetic acid 
through the carbodiimide coupling method (DCC, EDAC) and then reacted with the 
side chain of any of the thiol containing residues mentioned above to form a thioether 
linkage. In order to form dithioethers, any two thiol containing side-chains can be 
reacted with dibromoethane and diisopropylamine in DMF. Examples of thiol- 

10 containing linkages are shown below: 




Cyclization may also be achieved using 5i,5 r -Ditryptophan (Le., Ac- 
15 Tip-Glv-Glv-Tn> OMe) (SEQ ID NO:74), as shown below: 




Representative structures of cyclic peptides are provided in Figure 3. 
20 Within Figure 3, certain cyclic peptides having the ability to modulate cell adhesion 
(shown on the left) are paired with similar inactive structures (on the right). The 
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structures and formulas recited herein are provided solely for the purpose of illustration, 
and are not intended to limit the scope of the cyclic peptides described herein. 

THREE-DIMENSIONAL STRUCTURES OF THE H AV PHARMACOPHORE 

For designing peptidomimetics, it is beneficial to obtain a three 
5 dimensional structure for the pharmacophore of one or more cyclic peptides described 
above. The term "pharmacophore" refers to the collection of functional groups on a 
compound that are arranged in three-dimensional space in a manner complementary to 
the target protein, and that are responsible for biological activity as a result of 
compound binding to the target protein. Useful three-dimensional pharmacophore 

10 models are best derived from either crystallographic or nuclear magnetic resonance 
structures of the target, but can also be derived from homology models based on the 
structures of related targets or three-dimensional quantitative structure-activity 
relationships derived from a previously discovered series of active compounds. 

The present invention provides pharmacophores of certain representative 

15 cyclic peptides (i.e., three-dimensional conformations of the classical cadherin CAR 
sequence HAV within such peptides). Such three-dimensional structures provide the 
information required to most efficiently direct the design and optimization of 
peptidomimetics. 

The three-dimensional structures of cyclic peptides may generally be 
20 determined using nuclear magnetic resonance (NMR) techniques that are well known in 
the art. NMR data acquisition is preferably carried out in aqueous systems that closely 
mimic physiological conditions to ensure that a relevant structure is obtained. Briefly, 
NMR techniques use the magnetic properties of certain atomic nuclei (such as *H, 13 C, 
15 N and 31 P), which have a magnetic moment or spin, to probe the chemical 
25 environment of such nuclei. The NMR data can be used to determine distances 
between atoms in the molecule, which can be used to derive a three-dimensional model 
or the molecule. 

For determining three-dimensional structures of cyclic peptides (and 
candidate peptidomimetics, as discussed below) proton NMR is preferably used. More 
30 specifically, when a molecule is placed in a strong magnetic field, the two spin states of 
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the hydrogen atoms are no longer degenerate. The spin aligned parallel to the field will 
have a lower energy and the spin aligned antiparallel to the field will have a higher 
energy. At equilibrium, the spin of the hydrogen atoms will be populated according to 
the Boltzmann distribution equation. This equilibrium of spin populations can be 
5 perturbed to an excited state by applying radio frequency (RF) pulses. When the nuclei 
revert to the equilibrium state, they emit RF radiation that can be measured. The exact 
frequency of the emitted radiation from each nucleus depends on the molecular 
environment of the nucleus and is different for each atom (except for those atoms that 
have the same molecular environment). These different frequencies are obtained 

10 relative to a reference signal and are called chemical shifts. The nature, duration and 
combination of applied RF pulses can be varied greatly and different molecular 
properties can be probed by those of ordinary skill in the art, by selecting an appropriate 
combination of pulses. 

For three-dimensional structure determinations, one-dimensional NMR 

15 spectra are generally insufficient, as limited information pertaining to conformation 
may be obtained. One-dimensional NMR is generally used to verify connectivity 
within a molecule and yields incomplete data concerning the orientation of side chains 
within a peptide. Two-dimensional NMR spectra are much more useful in this respect 
and allow for unambiguous determination of side-chain-to-side-chain interactions and 

20 the conformation of the peptide backbone. 

Two-dimensional NMR spectra are generally presented as a contour plot 
in which the diagonal corresponds to a one-dimensional NMR spectrum and the cross 
peaks off the diagonal result from interactions between hydrogen atoms that are directly 
scalar coupled. Two-dimensional experiments generally contain a preparation period, 

25 an evolution period where spins are "labeled" as they process in the XY plane according 
to their chemical shift, a mixing period, during which correlations are made with other 
spins and a detection period in which a free induction decay is recorded. 

Two-dimensional NMR methods are distinguished by the nature of the 
correlation that is probed during the mixing period. A DQF-COSY (double quantum 

30 filtered correlation spectroscopy) analysis gives peaks between hydrogen atoms that are 
covalently connected through one or two other atoms. Nuclear Overhauser effect 
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spectroscopy (NOESY) gives peaks between pairs of hydrogen atoms that are close 
together in space, even if connected by way of a large number of intervening atoms. In 
total correlation spectroscopy (TOCSY), correlations are observed between all protons that 
share coupling partners, whether or not they are directly coupled to each other. Rotating- 

5 frame Overhauser Spectroscopy (ROESY) experiments may be thought of as the rotating 
frame analogue of NOESY, and yields peaks between pairs of hydrogen atoms that are 
close together in space. One or more such methods may be used, in conjunction with the 
necessary water-suppression techniques such as WATERGATE and water flip-back, to 
determine the three-dimensional structure of a cyclic peptide or candidate peptidomimetic 

10 under aqueous conditions. Such techniques are well known and are necessary to suppress 
the resonance of the solvent (HDO) during acquisition of NMR data. 

By way of example, both TOCSY and NOESY may be applied to 
representative cyclic peptides for the purpose of determining the conformation and the 
assignment. The water solvent resonance may be suppressed by application of the 

15 WATERGATE procedure. A water flipback pulse may also be applied at the end of the 
mixing period for both TOCSY and NOESY experiments to maintain the water signal at 
equilibrium and to minimize the loss of amide proton resonances due to their rapid 
exchange at the near neutral pH conditions (i.e., pH 6.8) used in the experiment. NMR 
data may be processed using spectrometer software using a squared cosine window 

20 function along both directions. Baseline corrections may be applied to the NOESY, 
ROESY and TOCSY spectra using the standard Bruker polynomial method. 

NOESY data may be acquired at several mixing times ranging from 
80ms to 250ms. The shorter mixing time NOESY may be acquired to ensure that no 
diffusion effects were present in the NOESY spectrum acquired at the longer mixing 

25 times. The interproton distances may generally be determined from the 250ms NOESY 
The sequence-specific assignment of the proton resonances may be determined by 
standard methods (see Wuthrich, NMR of Proteins and Nucleic Acids, Wiley & Sons, 
New York, 1986), making use of both the results of the TOCSY and NOESY data. The 
spin systems of Ala3 and Val4 may be assigned based on the presence of strong NOEs 

30 between the amide protons and the respective side chains in conjunction with the 
relevant TOCSY data. 
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For conformational calculations, the NOE cross peaks may be initially 
converted to a uniform distance upper and lower bounds of 1.8-5.0 
angstroms regardless of the NOE intensities. The NOE distances may be refined 
iteratively through a comparison of computed and experimental NOEs at the various 
5 mixing times. This refinement may be much in the spirit of the PEPFLEX-II procedure 
(Wang et al., Techniques in Protein Chemistry IV, 1993, Evaluation of NMR Based 
Structure Determination for Flexible Peptides: Application to Desmopressin p. 569), 
although preferably initial NOE-based distances with very loose upper bounds (e.g., 5 
angstroms) are used to permit the generation of a more complete set of conformations in 
10 agreement with experimental data. Dihedral-angle constraints may be derived from the 
values of the 3 JCaH coupling constants. A tolerance value of 40 degrees may be added 
to each of the dihedral angle constraints to account for the conformational flexibility of 
the peptide. Distance geometry calculations may be carried out utilizing fixed bond 
lengths and bond angles provided in the ECEPP/2 database (Ni et al., Biochemistry 
15 57:11551-11557, 2989). The co-angles are generally fixed at 180 degrees, but all other 
dihedral angles may be varied during structure optimization. 

Structures with the lowest constraint violations may be subjected to 
energy minimization using a distance-restrained Monte Carlo method (Ripoll and Ni, 
Biopolymers 32:359-365, 1992; Ni, J. Magn. Resort. B106:\41-\SS, 1995), and 
20 modified to include the ECEPP/3 force field (Ni et al., J. Mol. Biol. 252:656-671, 
1995). AU ionizable groups may be treated as charged during constrained Monte Carlo 
minimization of the ECEPP/3 energy. Electrostatic interactions among all charges may 
be screened by use of a distance-dependent dielectric to account for the absence of 
solvent effects in conformational energy calculations. In addition, hydrogen-bonding 
25 interactions can be reduced to 25% of the full scale, while van der Waals and 
electrostatic terms are kept to full strengths. These special treatments help to ensure 
that the conformational search is guided primarily by the experimental NMR constraints 
and that the computed conformations are less biased by the empirical conformational 
energy parameters (Warder et al., FEBSLett. 477:19-26, 1997). 
30 Low-energy conformations of the peptide from Monte Carlo calculations 

may be used in NOE simulations to identify proximate protons with no observable 
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NOEs and sets of distance upper bounds that warrant recalibration. The refined set of 
NOE distances including distance lower bounds derived from absent NOEs are used in 
the next cycles of Monte Carlo calculations, until the resulting conformations produced 
simulate NOE spectra close to those observed experimentally (Ning et al., Biopolymers 
5 34: 1125-1 137, 1994; Ni et al., J. MoL Biol. 252:656-671, 1995). Theoretical NOE 
spectra may be calculated using a tumbling correlation time of 1.5 ns based on the 
molecular weight of the peptide and the experimental temperature (Cantor, C. R. and 
Schimmel, P. R. (1980) Biophysical Chemistry, W. H. Freeman & Co., San Francisco). 
All candidate peptide conformations are included with equal weights in an ensemble- 
10 averaged relaxation matrix analysis of interconverting conformations (Ni and Zhu J. 
Magn. Reson. 5702:180-184, 1994). NOE simulations may also incorporate parameters 
to account for the local motions of the methyl groups and the effects of incomplete 
relaxation decay of the proton demagnitizations (Ning et al., Biopolymers 34:1125- 
1137, 1994). The computed NOE intensities are converted to the two-dimensional 
15 FID's (Ni, J. Magn. Reson. B 1 0*147-155, 1995) using the chemical shift of 
assignments, estimated linewidths and coupling constants for all resolved proton 
resonances. Calculated FIDs may be converted to simulated NOESY spectra using 
identical processing procedures as used for the experimental NOE data sets. 

The high resolution molecular map of the pharmacophore of N-Ac- 
20 CHAVC -NH 2 (SEQ ID NO: 10) is shown in Figures 7A-7C, each of which depicts one 
of three low energy conformations (Structure 1, Structure 2 and Structure 3). The co- 
ordinates for these three low energy conformations are given in Appendix 1. The 
conformation of HAV in N-Ac-CHAVC-NH 2 (SEQ ID NO: 10) greatly resembles the 
conformation of the HAV in x-ray crystal structure of N-cadherin (see Figures 8 A and 
25 8B). The high resolution molecular map of the pharmacophore of N-Ac -CHAVC -Y- 
NH 2 (SEQ ID NO:81) is shown in Figures 9A-9D, each of which depicts one of the four 
low energy conformations. The co-ordinates for these four low energy conformations 
are given in Appendix 2. The high resolution molecular map of the pharmacophore of 
N-Ac -CHAVDC -NH 2 (SEQ ID NO:20) is shown in Figures 20A-20D, each of which 
30 depicts one of the four low energy conformations. The co-ordinates for these low 
energy conformations are given in Appendix 3. The high resolution molecular map of 
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the pharmacophore nf N-Ac- CSHAVC -NH, (SEQ ID NO:36) is shown in Figures 32A 
and 32B, each of which depicts one of the two low energy conformations. The co- 
ordinates for these low energy conformations are given in Appendix 4. 

PEPT1DOMIMETICS 

5 As noted above, peptidomimetics are compounds in which at least a 

portion of the HAV sequence within a cyclic peptide is modified, such that the three 
dimensional structure of the peptidomimetic remains substantially the same as that of 
the HAV sequence. Peptidomimetics may be peptide analogues that are, themselves, 
cyclic peptides containing one or more substitutions or other modifications within the 
10 HAV sequence. Alternatively, at least a portion of the HAV sequence may be replaced 
with a nonpeptide structure, such that the three-dimensional structure of the cyclic 
peptide is substantially retained. In other words, one, two or three amino acid residues 
within the HAV sequence may be replaced by a non-peptide structure. In addition, 
other peptide portions of the cyclic peptide may, but need not, be replaced with a non- 
15 peptide structure. Peptidomimetics (both peptide and non-peptidyl analogues) may 
have improved properties {e.g., decreased proteolysis, increased retention or increased 
bioavailability). Peptidomimetics generally have improved oral availability, which 
makes them especially suited to treatment of conditions such as cancer. It should be 
noted that peptidomimetics may or may not have similar two-dimensional chemical 
20 structures, but share common three-dimensional structural features and geometry. Each 
peptidomimetic may further have one or more unique additional binding elements. The 
present invention provides methods for identifying peptidomimetics, as well as a series 
of specific peptidomimetics of certain cyclic peptides provided herein. 

All peptidomimetics provided herein have a three-dimensional structure 
25 that is substantially similar to a three-dimensional structure of a cyclic peptide as 
described above. In general, two three-dimensional structures are said to be 
substantially structurally similar to each other if their pharmacophore atomic 
coordinates have a root-mean square deviation (RMSD) less than or equal to 1 
angstrom, as calculated using the Molecular Similarity module within the QUANTA 
30 program (QUANTA, available from Molecular Simulations Inc., San Diego, CA). All 
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peptidomimetics provided herein have at least one low-energy three-dimensional 
structure that is substantially similar to at least one low-energy three-dimensional 
structure of a cyclic peptide as described above. 

Low energy conformations may be identified by conformational energy 
5 calculations using, for example, the CHARMM program (Brooks et al., J. Comput. 
Chem. 4: 187-2 17, 1983). The energy terms include bonded and non-bonded terms, 
including bond length energy, angle energy, dihedral angle energy, Van der Waals 
energy and electrostatic energy. It will be apparent that the conformational energy can 
be also calculated using any of a variety of other commercially available quantum 
10 mechanic or molecular mechanic programs. A low energy structure has a 
conformational energy that is within 50 kcal/mol of the global minimum. 

The low energy conformation(s) of candidate peptidomimetics are 
compared to the low energy solution conformations of the cyclic peptide (as determined 
by NMR) to determine how closely the conformation of the candidate mimics that of 
15 the cyclic peptide. In such comparisons, particular attention should be given to the 
locations and orientations of the elements corresponding to the crucial side chains. If at 
least one of the candidate low energy conformations is substantially similar to a solution 
conformation of a cyclic peptide {i.e., differs with a root-mean square deviation 
(RMSD) of 1 angstrom or less), the candidate compound is considered a 
20 peptidomimetic. Within such analyses, low energy conformations of candidate 
peptidomimetics in solution may be studied using, for example, the CHARMM 
molecular mechanics and molecular dynamics program (Brooks et al., J. Comput. 
Chem. 4: 187-2 17, 1983), with the TIP3P water model (Jorgensen et al., J. Chem Phys. 
79:926-935, 1983) used to represent water molecules. The CHARM22 force field may 
25 be used to represent the designed peptidomimetics. 

By way of example, low energy conformations may be identified using a 
combination of two procedures. The first procedure involves a simulated annealing 
molecular dynamics simulation approach. In this procedure, the system (which 
includes the designed peptidomimetics and water molecules) is heated up to above 
30 room temperature, preferably around 600K, and simulated for a period of 100 
picoseconds (ps) or longer; then gradually reduced to 500K and simulated for a period 
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of 100 ps or longer; then gradually reduced to 400K and simulated for a period of 100 
ps or longer; gradually reduced to 300K and simulated for a period of 500 ps or longer. 
The trajectories are recorded for analysis. This simulated annealing procedure is known 
for its ability for efficient conformational search. 

5 The second procedure involves the use of the self-guided molecular 

dynamics (SGMD) method (Wu and Wang, J. Physical Chemistry 702:7238-7250, 
1998). The SGMD method has been demonstrated to have an extremely enhanced 
conformational searching capability. Using the SGMD method, simulation may be 
performed at 300 K for 1000 ps or longer and the trajectories recorded for analysis. 

10 Conformational analysis may be carried out using the QUANTA 

molecular modeling package. First, cluster analysis may be performed using the 
trajectories generated from molecular dynamic simulations. From each cluster, the 
lowest energy conformation may be selected as the representative conformation for this 
cluster and may be compared to other conformational clusters. Upon cluster analysis, 

15 major conformational clusters may be identified and compared to the solution 
conformations of the cyclic peptide(s). The conformational comparison may be carried 
out using the Molecular Similarity module within the QUANTA program. 

Similarity in structure may also be evaluated by visual comparison of the 
three-dimensional structures displayed in a graphical format, or by any of a variety of 

20 computational comparisons. For example, an atom equivalency may be defined in the 
peptidomimetic and cyclic peptide three-dimensional structures, and a fitting operation 
used to establish the level of similarity. As used herein, an "atom equivalency" is a set of 
conserved atoms in the two structures. A "fitting operation" may be any process by 
which a candidate compound structure is translated and rotated to obtain an optimum fit 

25 with the cyclic peptide structure. A fitting operation may be a rigid fitting operation (e.g., 
the cyclic peptide three-dimensional structure can be kept rigid and the three-dimensional 
structure of the peptidomimetic can be translated and rotated to obtain an optimum fit 
with the cyclic peptide). Alternatively, the fitting operation may use a least squares fitting 
algorithm that computes the optimum translation and rotation to be applied to the moving 

30 compound structure, such that the root mean square difference of the fit over the specified 
pairs of equivalent atoms is a minimum. Preferably, atom equivalencies may be 
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established by the user and the fitting operation is performed using any of a variety of 
available software applications (e.g., QUANTA, available from Molecular Simulations 
Inc., San Diego, CA). Three-dimensional structures of candidate compounds for use in 
establishing substantial similarity may be determined experimentally {e.g., using NMR 
5 techniques as described herein or x-ray crystallography), or may be computer-generated 
using, for example, methods provided herein. 

Certain peptidomimetics may be designed, based on the cyclic peptide 
structure. For example, such peptidomimetics may mimic the local topography about the 
cleavable amide bonds (amide bond isosteres). Examples of backbone modifications are 

10 given in Figure 4. These mimetics often match the peptide backbone atom-for-atom, 
while retaining functionality that makes important contacts with the binding sites. Amide 
bond mimetics may also include the incorporation of unusual amino acids or dipeptide 
surrogates (see Figure 5, and other examples in Gillespie et aL, Biopolymers 43:191-217, 
1997). The conformationally rigid substructural elements found in these types of 

15 mimetics are believed to result in binding with highly favorable entropic driving forces, 
as compared to the more conformationally flexible peptide linkages. Backbone 
modifications can also impart metabolic stability towards peptidase cleavage relative to 
the parent peptide. Other peptidomimetics may be secondary structure mimics. Such 
peptidomimetics generally employ non-peptide structures to replace specific secondary 

20 structures, such as P-turns, 3-sheets and a-turns (see Figure 6). 

To design a peptidomimetic, heuristic rules that have been developed 
through experience may be used to systematically modify a cyclic peptide. Within such 
modification, empirical data of various kinds are generally collected throughout an 
iterative refinement process. As noted above, optimal efficiency in peptidomimetic 

25 design requires a three-dimensional structure of the pharmacophore. 

Pharmacophores as provided herein permit structure-based 
peptidomimetic design through, for example, peptide scaffold modification as described 
above. Certain peptidomimetics may be identified through visual inspection of one or 
more pharmacophores, as compared to the N-cadherin HAV conformation. For example, 

30 it is apparent from Figures 8A and 8B that the hydrophobic valine could be replaced with 
unnatural amino acids carrying bulky groups, such as that found in compound 1 (Figure 



BNSOOCID: <WO 01 53331 A3_IA> 



WO 01/053331 



PCT/US01/02508 



40 

11). This will restrict rotation of the amide bonds and possibly eliminate the need for 
cyclization. Alternatively the hydrophobic valine residue could be incoiporated into a 
cyclic rigid structure, such as that found in compounds 2 and 3 (Figure 1 1). 

Peptidomimetics can also be designed based on a visual comparison of a 
5 cyclic peptide pharmacophore with a three-dimensional structure of a candidate 
compound, using knowledge of the structure-activity relationships of the cyclic peptide. 
Structure-activity studies have established important binding elements in the cyclic 
peptides, and have permitted the development of pharmacophore models. 
Peptidomimetics designed in this manner should retain these binding elements. In the 
10 case of N-Ac-CHAV£-NH 2 (SEQ ID NO.10), peptidomimetics should have chemical 
groups that mimic the three-dimensional geometry of the side chains of the histidine 
and valine residues. In the case of N-Ac-£HAVC-Y-NH 2 (SEQ ID NO:81), 
peptidomimetics should have chemical groups that mimic the three-dimensional 
geometry of the side chains of the histidine, valine and tyrosine residues. 
1 5 B y wa y of example, analysis of the solution conformations of the N-Ac- 

CHAVC-NH, (SEQ ID NO: 10) indicates that a suitable peptidomimetic may be 
designed based on the cyclization indicated in Figure 12 A. This type of cyclization 
scheme allows the design of peptidomimetic compounds of about half the original 
molecular weight of N-Ac-CHAVC-NH 2 (SEQ ID NO: 10) but with all the essential 
20 binding elements of that cyclic peptide. 

Based upon this information, the peptidomimetic compound 4 (Figure 
12B) was designed. Figure 12B also shows one of its low energy conformations. 
Superposition of the low energy conformation of this designed peptidomimetic on one 
of the low energy conformations of N-Ac -CHAVC -NH 7 (SEQ ID NO: 10) is given in 
25 Figure 12C. The overlap in terms of the crucial binding elements indicates that 
compound 4 is a peptidomimetic. 

A second set of peptidomimetics may be designed around replacing the 
disulfide bond (-S-S-) with a thioether (-S-CH 2 -C(0» The disulfide bond in general is 
not very stable as it can readily be reduced under acidic conditions. Replacing the 
30 disulfide bond with a thioether moiety (-S-CH 2 -C(0» can significantly improve the 
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stability of the peptide and therefore the oral availability. Two peptides that were designed 
in this manner, based upon the structure ofN-Ac-CHAVC-NH 2> are shown in Figure 12D. 

Molecular modeling studies carried out on N-Ac-£HA\£C-NH 2 (SEQ ID 
NO: 10) indicated that the solution NMR structures could indeed be predicted using the 
5 QUANTA molecular modeling package and its associated molecular mechanics 
program CHARMM (Brooks, B. R; Bruccoleri, R. E.; Olafson, B. D.; States, D. J.; 
Swaminathan, S.; Karplus, M. CHARMM. A program for macromolecular energy 
minimization and dynamics calculations. J. Comput. Chem. 1983, 4, 187-217), running 
on an SGI workstation with IRIX6.5. A dielectric constant of 80 can be used to simulate 
10 an aqueous environment. These modeling techniques can be used predict the 
conformations (Figures 25A-27C) of the thioethers whose structures are given in 
Figures 24A-24C. It was found that the lowest energy conformation of 
CH2CONHAVC-NH2 (SEQ ID NO:96) also has the lowest RMS deviation from the co- 
ordinates of NMR structure 2 of N-Ac-£HAV£-NH 2 . (SEQ ID NO:10) NMR Structure 
15 2 is the conformation of N-Ac-£HAY£-NH 2 (SEQ ID NO: 10) which best mimics the 
HAV sequence in the x-ray structure of the first extracellular domain of N-cadherin. 

As an alternative to design by visual inspection, libraries (e.g., 
containing hydantoin and/or oxopiperazine compounds) may be made using 
combinatorial chemical techniques. Combinatorial chemical technology enables the 
20 parallel synthesis of organic compounds through the systematic addition of defined 
chemical components using highly reliable chemical reactions and robotic 
instrumentation. Large libraries of compounds result from the combination of all 
possible reactions that can be done at one site with all the possible reactions that can be 
done at a second, third or greater number of sites. Combinatorial chemical methods can 
25 potentially generate tens to hundreds of millions of new chemical compounds as 
mixtures, attached to a solid support, or as individual compounds. 

Pharmacophores can be used to facilitate the screening of such chemical 
libraries. For example, instead of producing all possible members of every library 
(resulting in an unwieldy number of compounds), library synthesis can focus on the 
30 library members with the greatest probability of interacting with the target. The 
integrated application of structure-based design and combinatorial chemical 
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technologies can produce synergistic improvements in the efficiency of drug discovery. 
By way of example, hydantoin and oxopiperazine libraries may be limited to those 
compounds that involve only the addition of histidine and valine surrogates to the 
hydantoin or oxopiperazine backbone. Some examples of such compounds are 
5 compounds 5-12 (Figures 1 3 A- 1 3B). 

Further peptidomimetics are compounds that appear to be unrelated to 
the ongina. peptide, but contain functional groups positioned on a nonpeptide scaffold 
that serve as topographical mimics. This type of peptidomimetic is referred to herein as 
a "non-peptidyl analogue." Such peptidomimetics may be identified using library 
10 screens of large chemical databases. Such screens use the three-dimensional 
conformation of a pharmacophore to search such databases in three-dimensional space 
A smgle three-dimensional structure may be used as a pharmacophore model in such a 
search. Alternatively, a pharmacophore model may be generated by considering the 
crucial chemical structural features present within multiple three-dimensional 
15 structures. Crucial chemical structural features of the classical cadherin HAV sequence 
include the His and Val residues, which are believed to participate in the interactions 
between one cadherin molecule and another. Without wishing to be bound by any 
pamcular theory, the side chain of the His residue is believed to form a number of 
hydrogen bonds and the Val residue is believed to interact hydrophobically with the 
» adhes.ve surface. In the development of a pharmacophore model, these two crucial 
rescues should be represented by appropriate chemical groups. For example the 
im.dazole ring of histidine could be represented by any of its bioisosteres, which might 
mclude triazole, " pyrazole, thiatriazole, triazolone, benzoxadiazole, pyrazine 
pynrmdme, oxadiazole, tetraazole, aminopyridine, triazine, benzodioxole, benzodiazole 
5 or benzoxadiazole. Similarly valine could be replaced by any hydrophobic residue such 
as /^-butyl, cyclopentane, cyclohexane, any substituted phenyl, any substituted 
naphthalene or any substituted aromatic. 

Any of a variety of databases of three-dimensional structures may be used 
for such searches. A database of three-dimensional structures may be prepared by 
' generating three-dimensional structures of a database of compounds, and storing the 
three-dunensional structures in the form of data storage material encoded with machine- 
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readable data. The three-dimensional struck cnn be displayed on a machine capable 
of displaying a graphical three-dimensional representation and programmed wttb 
^morions for using the data. Within preferred embodiments, three-dimenstonal 
strucmres are supplied as a set of coordinates .hat define the ttoeeKfimensiooal structure. 
5 Preferably, the 3D-database contains at least 100,000 compounds, wtth 

smaU non-peptidyl molecules having relatively simple chemical structures particularly 
preferred It is also important that the 3D co-ordinates of the compounds tn the 
database be accurately and correctly represented. The National Cancer Institute (NCI) 
3D-database (Milne et a.., J. CHem. Inf. Cornet. SC. 3,:.219-1224, .994) and .he 
,0 Avadable Chemicals Directory (ACD; available from MDL Information Systems, San 
Leandro CA) are two excellent databases that can be used to generate a database of 
three-dimensional structures, using molecular modeling, as discussed above. For 
flexible molecules, which can have several low-energy conformations, it is destrable to 
store and search multiple conformation*. The Chem-X program (Oxford Molecular 
,5 Group PLC; Oxford UK) is capable of searching thousands or even mtlltons of 
conformations for a flexible compound. This capability of Chem-X provides a real 
advantage in dealing with compounds that can adopt multiple conformations. Ustng 
this approach, although the NCI-3D database presently contains a total of 465,000 
compounds, hundreds of millions of conformations can be searched tn a 3D- 

20 pharmacophore searching process. 

The Available Chemical Database presently contains 255,153 unique 
chemicals from 543 supplier catalogue, The ACD database contains about 50,000 
compounds that are known drugs. To facilitate pharmacophore searching, the entire 
ACD database was converted into 3-D conformations, as described above, which can be 

25 searched using the Chem-X program. 

A pharmacophore search typically involves three steps. The first step is 

the generation of a pharmacophore query. Such queries may be developed from an 

evaluation of critical distances in the three dimensional structure of a cyclic peptide. 

Certain such critical distances are indicated in Figure 14A, which shows two examples 
30 of distances obtained from low energy conformations of N-Ac-CHAVC-NH 2 (SEQ ID 

NO 10) Critical features of these conformations are the nitrogen atoms on the 
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imidazole ring and the hydrophobic portion of the valine residue. In one low energy 
conformation, the distance dl is 9.4 angstroms, d2 is 9.2 angstroms and d3 is 2.2 
angstroms. In another low energy conformation, d4 is 7.5 angstroms, d5 is 7.0 
angstroms and d6 is 2.2 angstroms. Specific pharmacophore queries that were 
5 developed for N-Ac-£HAVC-NH 2 (SEQ ID NO: 10) are provided in Figures 14B and 
14C. Figures 16 and 28 depict pharmacophore queries that were developed for N-Ac- 
CHAVC-Y-NHj (SEQ ID NO:81). Figure 30 illustrates the pharmacophore queries 
derived from the pharmacophore in N-Ac-CHA¥DC-NH 2 (SEQ ID NO:20). Using the 
pharmacophore query of interest, a distance bit screening is performed on the database 
10 to identify compounds that fulfill the required geometrical constraints. In other words, 
compounds that satisfy the specified critical pair-wise distances are identified. After a 
compound passed the distance bit screening step, the program next checks whether the 
compound meets the substructure requirements as specified in the pharmacophore 
query. After a compound passes this sub-structural check, it is finally subjected to a 
15 conformational analysis. In this step, conformations are generated and evaluated with 
regard to geometric requirements specified in the pharmacophore query. Compounds 
that have at least one conformation satisfying the geometric requirements, are 
considered as 'hits' and are recorded in a result database. 

Representative compounds identified using such searches are presented 
20 herein in Figures 15A-15BG (compounds 13-282) and Figures 17A-17J (compounds 
283-311), Figures 18A-18E (compounds 312-331) and Figures 19A-19E (compounds 
332-334), Figures 21A-21N, 29A-29Q and 31A-31AI (compounds 345-399, 465-481, 
482-593). While these compounds satisfy the requirements for three-dimensional 
similarity, it will be apparent to those of ordinary skill in the art that further biological 
25 testing may be used to select compounds with optimal activity. It will further be 
apparent that other criteria may be considered when selecting specific compounds for 
particular applications, such as the simplicity of the chemical structure, low molecular 
weight, chemical structure diversity and water solubility. The application of such 
criteria is well understood by medicinal, computational and structural chemists. 
30 it will be apparent that a compound structure may be optimized using 

screens as provided herein. Within such screens, the effect of specific alterations of a 
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candidate compound on three-dimensional structure may be evaluated, in order to optimize 
three-dimensional similarity to a cyclic peptide. Such alterations include, for example, 
changes in hydrophobicity, steric bulk, electrostatic properties, size and bond angle. 

Biological testing of candidate compounds may be used to confirm 
5 peptidomimetic activity. In general, peptidomimetics should function in a substantially 
similar manner as a structurally similar cyclic peptide. In other words, a 
peptidomimetic of the cyclic peptide N-Ac -CHAVC -NH, (SEQ ID NO:10)'should bind 
to a classical cadherin with an affinity that is at least half the affinity of the cyclic 
peptide N-Ac-CHAVC-NH; (SEQ ID NO: 10), as measured using standard binding 
10 assays. Further, a peptidomimetic of the cyclic peptide N-Ac -CHAVC -NH-, (SEQ ID 
NO. 10) should modulate a classical cadherin-mediated function using a representative 
assay provided herein at a level that is at least half the level of modulation achieved 
using N-Ac-£HAVC-NH 2 (SEQ ID NO: 10). 

Once an active peptidomimetic has been identified, related analogues may 
15 be identified using two-dimensional similarity searching. Such searching may be 
performed, for example, using the program ISIS Base (Molecular Design Limited). Two- 
dimensional similarity searching permits the identification of other available, closely 
related compounds, which may be readily screened to optimize biological activity. Such 
searching was used to identify compounds that are structurally similar to compounds 35 
20 and 47. The identified compounds are presented in Figures 18A-18E and 19A-19E, 
respectively. Such searching was also used to identify compounds that are structurally 
similar to compounds 65 and and 184. The identified compounds are presented in 
Figures 22A-22H and 23A-23F, respectively (compounds 434-464 and 400-433). 

Cell Adhesion Modulating Agents 

25 Tne term "cell adhesion modulating agent," as used herein, refers to a 

molecule comprising at least one peptidomimetic of a cyclic peptide that contains the 
classical cadherin cell adhesion recognition (CAR) sequence HAV (His-Ala-Val). As 
noted above, multiple peptidomimetics may be present within a modulating agent. 
Further, additional CAR sequences (specifically bound by an adhesion molecule) may 

30 be included within a modulating agent. As used herein, an "adhesion molecule" is any 
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molecule that mediates cell adhesion via a receptor on the cell's surface. Adhesion 
molecules include members of the cadherin gene superfamily that are not classical 
cadherins (e.g., proteins that do not contain an HAV sequence and/or one or more of the 
other characteristics recited above for classical cadherins), such as desmogleins (Dsg) 
and desmocollins (Dsc); integrins; members of the immunoglobulin supergene family, 
such as N-CAM; and other uncategorized transmembrane proteins, such as occludin, as 
well as extracellular matrix proteins such as laminin, fibronectin, collagens, vitronectin, 
entactin and tenascin. Preferred CAR sequences for inclusion within a modulating 
agent include (a) Arg-Gly-Asp (ROD), which is bound by integrins (see Cardarelli et 
al., J. Biol. Chem. 267:23159-64, 1992); (b) Tyr-Ile-Gly-Ser-Arg (YIGSR; SEQ ED 
NO:52), which is bound by a6pi integrin; (c) KYSFNYDGSE (SEQ ID NO:53), which 
is bound by N-CAM; (d) the N-CAM heparin sulfate-binding site 
IWKHKGRDVILKKDVRF (SEQ ID NO:54); (e) the occludin CAR sequence LYHY 
(SEQ ID NO.55); (f) claudin CAR sequences comprising at least four consecutive 
15 amino acids present within a claudin region that has the formula: Trp-Lys/Arg-Aaa- 
Baa-Ser/Ala-Tyr/Pbe-Caa-Gly (SEQ ID NO:56), wherein Aaa, Baa and Caa indicate 
independently selected amino acid residues; Lys/Arg is an amino acid that is lysine or 
arginine; Ser/Ala is an amino acid that is serine or alanine; and Tyr/Phe is an amino acid 
that is tyrosine or phenylalanine; and (g) nonclassical cadherin CAR sequences 
20 comprising at least three consecutive amino acids present within a nonclassical cadherin 
region that has the formula: Aaa-Phe-Baa-Ile/Leu/Val-Asp/Asn/Glu-Caa-Daa- 
Ser/Thr/Asn-Gly (SEQ ID NO:57), wherein Aaa, Baa, Caa and Daa are independently 
selected amino acid residues; Ile/Leu/Val is an amino acid that is selected from the 
group consisting of isoleucine, leucine and valine, Asp/Asn/Glu is an amino acid that is 
25 selected from the group consisting of aspartate, asparagine and glutamate; and 
Ser/Thr/Asn is an amino acid that is selected from the group consisting of serine, 
threonine or asparagine. Representative claudin CAR sequences include IYSY (SEQ 
ID NO:58), TSSY (SEQ ID NO:59), VTAF (SEQ ID NO:60) and VSAF (SEQ ID 
NO:61). Representative nonclassical cadherin CAR sequences include the VE-cadherin 
30 (cadherin-5) CAR sequence DAE; the cadherin-6 CAR sequences EEY, NEN, ESE and 
DSG; the cadherin-7 CAR sequences DEN, EPK and DAN; the cadherin-8 CAR 
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sequences EEF and NDV; the OB-cadherin (cadherin-11) CAR sequences DDK, EEY 
and EAQ; the cadherin-12 CAR sequences DET and DPK; the cadherin-14 CAR 
sequences DDT, DPK and DAN; the cadherin-15 CAR sequences DKF and DEL; the 
PB-cadherin CAR sequences EEY, DEL, DPK and DAD; the protocadherin CAR 
5 sequences DLV, NRD, DPK and DPS; the dsg CAR sequences NQK, NRN and NKD; 
the dsc CAR sequences EKD and ERD and the cadherin-related neuronal receptor CAR 
sequences DPV, DAD, DSV, DSN, DSS, DEK and NEK. 

Linkers may, but need not, be used to separate CAR sequences, 
peptidomimetics and/or antibody sequences within a modulating agent. Linkers may 
10 also, or alternatively, be used to attach one or more modulating agents to a support 
molecule or material, as described below. A linker may be any molecule (including 
peptide and/or non-peptide sequences as well as single amino acids or other molecules), 
that does not contain a CAR sequence and that can be covalently linked to at least two 
peptide sequences and/or peptidomimetics. Using a linker, peptidomimetics and other 
1 5 peptide or protein sequences may be joined in a variety of orientations. 

Linkers preferably produce a distance between CAR sequences and/or 
peptidomimetics between 0.1 to 10,000 nm, more preferably about 0.1-400 nm. A 
separation distance between recognition sites may generally be determined according to 
the desired function of the modulating agent. For inhibitors of cell adhesion, the linker 
20 distance should be small (0.1-400 nm). For enhancers of cell adhesion, the linker 
distance should be 400-10,000 nm. One linker that can be used for such purposes is 
(H 2 N(CH2)„C0 2 H) m , or derivatives thereof, where n ranges from 1 to 10 and m ranges 
from 1 to 4000. For example, if glycine (H 2 NCH 2 C0 2 H) or a multimer thereof is used 
as a linker, each glycine unit corresponds to a linking distance of 2.45 angstroms, or 
25 0.245 nm, as determined by calculation of its lowest energy conformation when linked 
to other amino acids using molecular modeling techniques. Similarly, aminopropanoic 
acid corresponds to a linking distance of 3.73 angstroms, aminobutanoic acid to 4.96 
angstroms, aminopentanoic acid to 6.30 angstroms and amino hexanoic acid to 6.12 
angstroms. Other linkers that may be used will be apparent to those of ordinary skill in 
30 the art and include, for example, linkers based on repeat units of 2,3-diaminopropanoic 
acid, lysine and/or ornithine. 2,3-Diaminopropanoic acid can provide a linking distance 
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of either 2.51 or 3.1 1 angstroms depending on whether the side-chain amino or terminal 
amino is used in the linkage. Similarly, lysine can provide Unking distances of either 
2.44 or 6.95 angstroms and ornithine 2.44 or 5.61 angstroms. Peptide and non-peptide 
linkers may generally be incorporated into a modulating agent using any appropriate 
5 method known in the art. 

Modulating agents that inhibit cell adhesion may contain one or more 
peptidomimetics, provided that such peptidomimetics are adjacent to one another (i.e., 
without intervening sequences) or in close proximity (i.e., separated by peptide and/or 
non-peptide linkers to give a distance between the peptidomimetics that ranges from 
10 about 0.1 to 400 nm). It will be apparent that other CAR sequences, as discussed 
above, may also be included. Such modulating agents may generally be used within 
methods in which it is desirable to simultaneously disrupt cell adhesion mediated by 
multiple adhesion molecules. Within certain preferred embodiments, an additional 
CAR sequence is derived from fibronectin and is recognized by an integrin (i.e., RGD; 
15 see Cardarelli et al., J. Biol. Chem. 267:23159-23164, 1992), or is an occludin CAR 
sequence (e.g., LYHY; SEQ ID NO:55). One or more antibodies, or fragments thereof, 
may similarly be used within such embodiments. 

Modulating agents that enhance cell adhesion may contain multiple 
peptidomimetics joined by linkers as described above. Enhancement of cell adhesion 
20 may also be achieved by attachment of multiple modulating agents to a support 
molecule or material, as discussed further below. Such modulating agents may 
additionally comprise one or more CAR sequence for one or more different adhesion 
molecules (including, but not limited to, other CAMs) and/or one or more antibodies or 
fragments thereof that bind to such sequences, to enhance cell adhesion mediated by 
25 multiple adhesion molecules. 

As noted above, a modulating agent may consist entirely of one or more 
peptidomimetics, or may contain additional peptide and/or non-peptide components. 
Peptide portions may be synthesized as described above or may be prepared using 
recombinant methods. Within such methods, all or part of a modulating agent can be 
30 synthesized in living cells, using any of a variety of expression vectors known to those 
of ordinary skill in the art to be appropriate for the particular host cell. Suitable host 
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cells may include bacteria, yeast cells, mammalian cells, insect cells, plant cells, algae 
and other animal cells (e.g., hybridoma, CHO, myeloma). The DNA sequences 
expressed in this manner may encode portions of an endogenous cadherin or other 
adhesion molecule. Such sequences may be prepared based on known cDNA or 
5 genomic sequences (see Blaschuk et al., J. Mol. Biol. 277:679-682, 1990), or from 
sequences isolated by screening an appropriate library with probes designed based on 
the sequences of known cadherins. Such screens may generally be performed as 
described in Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor Laboratories, Cold Spring Harbor, NY, 1989 (and references cited therein). 
10 Polymerase chain reaction (PCR) may also be employed, using oligonucleotide primers 
in methods well known in the art, to isolate nucleic acid molecules encoding aUora 
portion of an endogenous adhesion molecule. To generate a nucleic acid molecule 
encoding a peptide portion of a modulating agent, an endogenous sequence may be 
modified using well known techniques. Alternatively, portions of the desired nucleic 
15 acid sequences may be synthesized using well known techniques, and then ligated 
together to form a sequence encoding a portion of the modulating agent. 

As noted above, a modulating agent may comprise an antibody, or 
antigen-binding fragment thereof, that specifically binds to a CAR sequence. As used 
herein, an antibody, or antigen-binding fragment thereof, is said to "specifically bind" to 
20 a CAR sequence (with or without flanking amino acids) if it reacts at a detectable level 
(within, for example, an ELISA, as described by Newton et al., Develop. Dynamics 
197A-U, 1993) with a peptide containing that sequence, and does not react detectably 
with peptides containing a different CAR sequence or a sequence in which the order of 
amino acid residues in the cadherin CAR sequence and/or flanking sequence is altered. 
25 Antibodies and fragments thereof may be prepared using standard 

techniques. See, e.g., Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring 
Harbor Laboratory, 1988. In one such technique, an immunogen comprising a CAR 
sequence is initially injected into any of a wide variety of mammals (e.g., mice, rats, 
rabbits, sheep or goats). Small immunogens (i.e., less than about 20 amino acids) 
30 should be joined to a carrier protein, such as bovine serum albumin or keyhole limpet 
hemocyanin. Following one or more injections, the animals are bled periodically. 
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Polyclonal antibodies specific for the CAR sequence may then be purified from such 
antisera by, for example, affinity chromatography using the modulating agent or 
antigenic portion thereof coupled to a suitable solid support. 

Monoclonal antibodies specific for a CAR sequence may be prepared, for 

5 example, using the technique of Kohler and Milstein, Eur. J. Immunol. 6:511-519, 1976, 
and improvements thereto. Briefly, these methods involve the preparation of immortal 
cell lines capable of producing antibodies having the desired specificity from spleen cells 
obtained from an animal immunized as described above. The spleen cells are 
immortalized by, for example, fusion with a myeloma cell fusion partner, preferably one 

10 that is syngeneic with the immunized animal. Single colonies are selected and their 
culture supernatants tested for binding activity against the modulating agent or antigenic 
portion thereof. Hybridomas having high reactivity and specificity are preferred. 

Monoclonal antibodies may be isolated from the supernatants of growing 
bybridoma colonies, with or without the use of various techniques known in the art to 

15 enhance the yield. Contaminants may be removed from the antibodies by conventional 
techniques, such as chromatography, gel filtration, precipitation, and extraction. 
Antibodies having the desired activity may generally be identified using 
immunofluorescence analyses of tissue sections, cell or other samples where the target 

cadherin is localized. 

Within certain embodiments, monoclonal antibodies may be specific for 
particular cadherins (e.g., the antibodies bind to E-cadherin, but do not bind 
significantly to N-cadherin, or vise versa). Such antibodies may be prepared as 
described above, using an immunogen that comprises (in addition to the HAV sequence) 
sufficient flanking sequence to generate the desired specificity (e.g., 5 amino acids on 
25 each side is generally sufficient). One representative immunogen is the 15-mer 
FHLRAHAVDINGNQV-NH2 (SEQ ID NO.75), linked to KLH (see Newton et aL, Dev. 
Dynamics 797:1-13, 1993). To evaluate the specificity of a particular antibody, 
representative assays as described herein and/or conventional antigen-binding assays 
may be employed. Such antibodies may generally be used for therapeutic, diagnostic 
30 and assay purposes, as described herein. For example, such antibodies may be linked to 
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a drug and administered to a mammal to target the drug to a particular cadherin- 
expressing cell, such as a leukemic cell in the blood. 

Within certain embodiments, the use of antigen-binding fragments of 
antibodies may be preferred. Such fragments include Fab fragments, which may be 
prepared using standard techniques. Briefly, immunoglobulins may be purified from 
rabbit serum by affinity chromatography on Protein A bead columns (Harlow and Lane, 
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, 1988; see 
especially page 309) and digested by papain to yield Fab and Fc fragments. The Fab 
and Fc fragments may be separated by affinity chromatography on protein A bead 
columns (Harlow and Lane, 1988, pages 628-29). 



Evaluation of Modulating Agent Activity 

As noted above, peptidomimetics and modulating agents are capable of 
modulating {i.e., enhancing or inhibiting) classical cadherin-mediated cell adhesion. 
The ability of a modulating agent to modulate cell adhesion may generally be evaluated 
15 in vitro by assaying the effect on one or more of the following: (1) neurite outgrowth, 
(2) adhesion between endothelial cells, (3) adhesion between epithelial cells (e.g., 
normal rat kidney cells and/or human skin) and/or (4) adhesion between cancer cells. In 
general, a modulating agent is an inhibitor of cell adhesion if, within one or more of 
these representative assays, contact of the test cells with the modulating agent results in 
20 a discernible disruption of cell adhesion. Modulating agents that enhance cell adhesion 
are considered to be modulators of cell adhesion if they are capable of enhancing 
neurite outgrowth as described below and/or are capable of promoting cell adhesion, as 
judged by plating assays to assess epithelial cell adhesion to a modulating agent 
attached to a support material, such as tissue culture plastic. For modulating agents that 
25 affect N-cadherin mediated functions, assays involving endothelial or cancer cell 
adhesion or neurite outgrowth are preferred. 

Within a representative neurite outgrowth assay, neurons may be 
cultured on a monolayer of cells (e.g., 3T3) that express N-cadherin. Neurons grown on 
such cells (under suitable conditions and for a sufficient period of time) extend longer 
30 neurites than neurons cultured on cells that do not express N-cadherin. For example, 
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neurons may be cultured on monolayers of 3T3 cells transfected with cDNA encoding 
N-cadberin essentially as described by Doherty and Walsh, Curr. Op. Neurobiol 4:49- 
55, 1994; Williams et al., Neuron 73:583-594, 1994; Hall et al., Cell Adhesion and 
Commun. 5:441-450, 1996; Doherty and Walsh, Mol Cell NeuroscL 5:99-111, 1994; 
5 and Safell et al, Neuron 75:231-242, 1997. Briefly, monolayers of control 3T3 
fibroblasts and 3T3 fibroblasts that express N-cadherin may be established by overnight 
culture of 80,000 cells in individual wells of an 8-chamber well tissue culture slide. 
3000 cerebellar neurons isolated from post-natal day 3 mouse brains may be cultured 
for 18 hours on the various monolayers in control media (SATO/2%FCS), or media 
10 supplemented with various concentrations of the modulating agent or control peptide. 
The cultures may then be fixed and stained for GAP43, which specifically binds to the 
neurons and their neurites. The length of the longest Deurite on each GAP43 positive 
neuron may be measured by computer assisted morphometry. 

A modulating agent that modulates N-cadherin-mediated cell adhesion 
15 may inhibit or enhance such neurite outgrowth. Under the conditions described above, 
the presence of 500 |ig/mL of a modulating agent that disrupts neural cell adhesion 
should result in a decrease in the mean neurite length by at least 50%, relative to the 
length in the absence of modulating agent or in the presence of a negative control peptide. 
Alternatively, the presence of 500 |ag/mL of a modulating agent that enhances neural cell 
20 adhesion should result in an increase in the mean neurite length by at least 50%. 

Within one representative cell adhesion assay, the addition of a 
modulating agent to cells that express a cadherin results in disruption of cell adhesion. 
A "cadherin-expressing cell," as used herein, may be any type of cell that expresses at 
least one cadherin on the cell surface at a detectable level, using standard techniques 
25 such as immunocytochemical protocols (Blaschuk and Farookhi, Dev. BioL 736:564- 
567, 1989). Cadherin-expressing cells include endothelial (e.g., bovine pulmonary 
artery endothelial cells), epithelial and/or cancer cells (e.g., the human ovarian cancer 
cell line SKOV3 (ATCC #HTB-77)). For example, such cells may be plated under 
standard conditions that permit cell adhesion in the presence and absence of modulating 
30 agent (e.g., 500 pig/mL). Disruption of cell adhesion may be determined visually within 
24 hours, by observing retraction of the cells from one another. 
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For use within one such assay, bovine pulmonary artery endothelial cells 
may be harvested by sterile ablation and digestion in 0.1% collagenase (type II; 
Worthington Enzymes, Freehold, NJ). Cells may be maintained in Dulbecco's 
minimum essential medium supplemented with 10% fetal calf serum and 1% antibiotic- 
5 antimycotic at 37°C in 7% C0 2 in air. Cultures may be passaged weekly in trypsin- 
EDTA and seeded onto tissue culture plastic at 20,000 cells/cm 2 . Endothelial cultures 
may be used at 1 week in culture, which is approximately 3 days after culture 
confluency is established. The cells may be seeded onto coverslips and treated (e.g., for 
30 minutes) with modulating agent or a control compound at, for example, 500^g/ml 
10 and then fixed with 1% paraformaldehyde. As noted above, disruption of cell adhesion 
may be determined visually within 24 hours, by observing retraction of the cells from 
one another. This assay evaluates the effect of a modulating agent on N-cadherin 
mediated cell adhesion. 

Within another such assay, the effect of a modulating agent on normal rat 

15 kidney (NRK) cells may be evaluated. According to a representative procedure, NRK 
cells (ATCC #1571-CRL) may be plated at 10 - 20,000 cells per 35mm tissue culture 
flasks containing DMEM with 10% FCS and sub-cultured periodically (Laird et al., 1 
Cell Biol 737:1193-1203, 1995). Cells may be harvested and replated in 35mm tissue 
culture flasks containing 1 mm coverslips and incubated until 50-65% confluent (24-36 

20 hours). At this time, coverslips may be transferred to a 24-well plate, washed once with 
fresh DMEM and exposed to modulating agent at a concentration of, for example, 
lmg/mL for 24 hours. Fresh modulating agent may then be added, and the cells left for 
an additional 24 hours. Cells may be fixed with 100% methanol for 10 minutes and then 
washed three times with PBS. Coverslips may be blocked for 1 hour in 2% BSA/PBS 

25 and incubated for a further 1 hour in the presence of mouse anti-E-cadherin antibody 
(Transduction Labs, 1:250 dilution). Primary and secondary antibodies may be diluted in 
2% BSA/PBS. Following incubation in the primary antibody, coverslips may be washed 
three times for 5 minutes each in PBS and incubated for 1 hour with donkey anti-mouse 
antibody conjugated to fluorescein (diluted 1:200). Following further washes in PBS (3 x 

30 5 rain) coverslips can be mounted and viewed by confocal microscopy. 
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In the absence of modulating agent, NRK cells form characteristic 
tightly adherent monolayers with a cobblestone morphology in which cells display a 
polygonal shape. NRK cells that are treated with a modulating agent that disrupts E- 
cadherin mediated cell adhesion may assume a non-polygonal and elongated 
5 morphology (/.*. a fibroblast-like shape) within 48 hours of treatment with 1 mg/mL of 
modulating agent. Gaps appear in confluent cultures of such cells. In addition, 1 
mg/mL of such a modulating agent reproducibly induces a readily apparent reduction in 
cell surface staining of E-cadherin, as judged by immunofluorescence microscopy 
(Laird et al., J. Cell Biol. 757:1193-1203, 1995), of at least 75% within 48 hours. 
1 0 A third cell adhesion assay involves evaluating the effect of a modulating 

agent on permeability of adherent epithelial and/or endothelial cell layers. For example, 
the effect on permeability of human skm may be evaluated. Such skin may be derived 
from a natural source or may be synthetic. Human abdominal skin for use in such 
assays may generally be obtained from humans at autopsy within 24 hours of death. 
15 Briefly, a cyclic peptide and a test marker (e.g., the fluorescent markers Oregon Green™ 
and Rhodamine Green™ Dextran) may be dissolved in a sterile buffer, and the ability of 
the marker to penetrate through the skin and into a receptor fluid may be measured 
using a Franz Cell apparatus (Franz, Curr. Prob. Dermatol. 7:58-68, 1978; Franz J. 
Invest. Dermatol. 190-195, 1975). In general, a modulating agent mat enhances the 
20 permeability of human skin results in a statistically significant increase in the amount of 
marker in the receptor compartment after 6-48 hours in the presence of 500 ug/mL 
modulating agent. This assay evaluates the effect of a modulating agent on E-cadherin 
mediated cell adhesion. 

Alternatively, cells that do not naturally express a cadherin may be used 
25 within such assays. Such cells may be stably transfected with a polynucleotide (e.g., a 
cDNA) encoding a classical cadherin of interest, such that the cadherin is expressed on 
the surface of the cell. Transfection of cells for use in cell adhesion assays may be 
performed using standard techniques and published cadherin sequences. Expression of 
the cadherin may be confirmed by assessing adhesion of the transfected cells, in 
30 conjunction with immunocytochemical techniques using antibodies directed against the 
cadherin of interest. The stably transfected cells that aggregate, as judged by light 
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necroscopy, following transfection express sufficient levels of the cadherin. Preferred 
cells for use in such assays include L cells, which do not detectably adhere in the 
absence of transfection (Nagafuchi et al., Nature 329:341-343, 1987). Following 
transfection of L cells with a cDNA encoding a cadherin, aggregation may be observed. 
5 Modulating agents that detectably inhibit such aggregation may be used to modulate 
functions mediated by the cadherin. Such assays have been used for numerous 
nonclassical cadherins, including OB-cadherin (Okazaki et al., J. Biol. Chem. 
269 12092-98, 1994), cadherin-5 (Breier et al., B load 57:630-641, 1996), cadhenn-6 
(Mbalaviele et al., J. Cell. Biol. 141:1461-1476, 1998), cadherin-8 (Kido et al., 
10 Genomics 45:186-194, 1998), cadherin-15 (Shimoyama et al., J. Biol. Chem. 
273 10011-10018, 1998), PB-cadherin (Sugimoto et al., J. Biol. Chem. 277:11548- 
11556 1996), Ll-cadherin (Kreft et al., J. Cell. Biol. 736:1109-1121, 1997), 
protocadberin 42 and 43 (Sano et al., EMBO J. 72:2249-2256, 1993) and desmosomal 
cadherins (Marcozzi et al., J. Cell. Sci. 777:495-509, 1998). It will be apparent to those 
,5 of ordinary skill in the art that assays may be performed in a similar manner for 
classical cadherins. In general, a modulating agent that is derived from a particular 
cadherin CAR sequence (i.e., comprises such a peptidomimetic thereof) and that 
modulates adhesion of a cell that expresses the same cadherin is considered to modulate 
a function mediated by the cadherin. 

20 MODULATING AGENT MODIFICATION AND FORMULATIONS 

A modulating agent as described herein may, but need not, be linked to 
one or more additional molecules. In particular, as discussed below, it may be 
beneficial for certain applications to link multiple modulating agents (which may, but 
need not, be identical) to a support molecule (e.g., keyhole limpet hemocyanin) or a 
25 solid support, such as a polymeric matrix (which may be formulated as a membrane or 
microstore, such as an ultra thin film), a container surface (e.g., the surface of a 
tissue culture plate or the interior surface of a bioreactor), or a bead or other parUcle, 
which may be prepared from a variety of materials including glass, plastic or ceramics. 
For certain applications, biodegradable support materials are preferred, such as 
30 cellulose and derivatives thereof, collagen, spider silk or any of a variety of polyesters 
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(e.g., those derived from hydroxy acids and/or lactones) or sutures (see U.S. Patent No. 
5,245,012). Within certain embodiments, modulating agents and molecules comprising 
other CAR sequence(s) (e.g., an RGD and/or LYHY (SEQ ID NO:55) sequence) may 
be attached to a support such as a polymeric matrix, preferably in an alternating pattern. 
5 Suitable methods for linking a modulating agent to a support material 

will depend upon the composition of the support and the intended use, and will be 
readily apparent to those of ordinary skill in the art. Attachment may generally be 
achieved through noncovalent association, such as adsorption or affinity or, preferably, 
via covalent attachment (which may be a direct linkage between a modulating agent and 

10 functional groups on the support, or may be a linkage by way of a cross-linking agent or 
linker). Attachment of a modulating agent by adsorption may be achieved by contact, 
in a suitable buffer, with a solid support for a suitable amount of time. The contact time 
varies with temperature, but is generally between about 5 seconds and 1 day, and 
typically between about 1 0 seconds and 1 hour. 

15 Covalent attachment of a modulating agent to a molecule or solid support 

may generally be achieved by first reacting the support material with a Afunctional 
reagent that will also react with a functional group, such as a hydroxyl, thiol, carboxyl, 
ketone or amino group, on the modulating agent. For example, a modulating agent may 
be bound to an appropriate polymeric support or coating using benzoquinone, by 

20 condensation of an aldehyde group on the support with an amine and an active hydrogen 
on the modulating agent or by condensation of an amino group on the support with a 
carboxylic acid on the modulating agent. A preferred method of generating a linkage is 
via amino groups using glutaraldehyde. A modulating agent may be linked to cellulose 
via ester linkages. Similarly, amide linkages may be suitable for linkage to other 

25 molecules such as keyhole limpet hemocyanin or other support materials. Multiple 
modulating agents and/or molecules comprising other CAR sequences may be attached, 
for example, by random coupling, in which equimolar amounts of such molecules are 
mixed with a matrix support and allowed to couple at random. 

Although modulating agents as described herein may preferentially bind 

30 to specific tissues or cells, and thus may be sufficient to target a desired site in vivo, it 
may be beneficial for certain applications to include an additional targeting agent. 
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Accordingly, a targeting agent may also, or alternatively, be linked to a modulating 
agent to facilitate targeting to one or more specific tissues. As used herein, a "targeting 
agent," may be any substance (such as a compound or cell) that, when linked to a 
modulating agent enhances the transport of the modulating agent to a target tissue, 
5 thereby increasing the local concentration of the modulating agent. Targeting agents 
include antibodies or fragments thereof, receptors, ligands and other molecules that 
bind to cells of, or in the vicinity of, the target tissue. Known targeting agents include 
serum hormones, antibodies against cell surface antigens, lectins, adhesion molecules, 
tumor cell surface binding ligands, steroids, cholesterol, lymphokines, fibrinolytic 

10 enzymes and those drugs and proteins that bind to a desired target site. Among the 
many monoclonal antibodies that may serve as targeting agents are anti-TAC, or other 
interleukin-2 receptor antibodies; 9.2.27 and NR-ML-05, reactive with the 250 
kilodalton human melanoma-associated proteoglycan; and NR-LU-10, reactive with a 
pancarcinoma glycoprotein. An antibody targeting agent may be an intact (whole) 

15 molecule, a fragment thereof, or a functional equivalent thereof. Examples of antibody 
fragments are F(ab')2, -Fab 1 , Fab and F[v] fragments, which may be produced by 
conventional methods or by genetic or protein engineering. Linkage is generally 
covalent and may be achieved by, for example, direct condensation or other reactions, 
or by way of bi- or multi-functional linkers. Within other embodiments, it may also be 

20 possible to target a polynucleotide encoding a modulating agent to a target tissue, 
thereby increasing the local concentration of modulating agent. Such targeting may be 
achieved using well known techniques, including retroviral and adenoviral infection. 

For certain embodiments, it may be beneficial to also, or alternatively, 
link a drug to a modulating agent. As used herein, the term "drug" refers to any 

25 bioactive agent intended for administration to a mammal to prevent or treat a disease or 
other undesirable condition. Drugs include hormones, growth factors, proteins, 
peptides and other compounds. The use of certain specific drugs within the context of 
the present invention is discussed below. 

Within certain aspects of the present invention, one or more modulating 

30 agents as described herein may be present within a pharmaceutical composition. A 
pharmaceutical composition comprises one or more modulating agents in combination 
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with one or more pharmaceutical ly or physiologically acceptable carriers, diluents or 
excipients. Such compositions may comprise buffers (e.g., neutral buffered saline or 
phosphate buffered saline), carbohydrates (e.g., glucose, mannose, sucrose or dextrans), 
mannitol, proteins, polypeptides or amino acids such as glycine, antioxidants, chelating 
5 agents such as EDTA or glutathione, adjuvants (e.g., aluminum hydroxide) and/or 
preservatives. Within yet other embodiments, compositions of the present invention 
may be formulated as a lyophilizate. A modulating agent (alone or in combination with 
a targeting agent and/or drug) may, but need not, be encapsulated within liposomes 
using well known technology. Compositions of the present invention may be 
10 formulated for any appropriate manner of administration, including for example, 
topical, oral, nasal, intravenous, intracranial, intraperitoneal, subcutaneous, or 
intramuscular administration. For certain topical applications, formulation as a cream 
or lotion, using well known components, is preferred. 

For certain embodiments, as discussed below, a pharmaceutical 
15 composition may further comprise a modulator of cell adhesion that is mediated by one 
or more molecules other than cadherins. Such modulators may generally be prepared as 
described above, incorporating one or more non-cadherin CAR sequences and/or 
antibodies thereto in place of the cadherin CAR sequences and antibodies. Such 
compositions are particularly useful for situations in which it is desirable to inhibit cell 
20 adhesion mediated by multiple cell-adhesion molecules, such as other members of the 
cadherin gene superfamily that are not classical cadherins (e.g., Dsg and Dsc); claudins; 
integrins; members of the immunoglobulin supergene family, such as N-CAM; and 
other uncategorized transmembrane proteins, such as occludin, as well as extracellular 
matrix proteins such as laminin, fibronectin, collagens, vitronectin, entactin and 
25 tenascin. Preferred CAR sequences for use are as described above. 

A pharmaceutical composition may also contain one or more drugs, which 
may be linked to a modulating agent or may be free within the composition. Virtually 
any drug may be administered in combination with a modulating agent as described 
herein, for a variety of purposes as described below. Examples of types of drugs that may 
30 be administered with a modulating agent include analgesics, anesthetics, antianginals, 
antifungals, antibiotics, anticancer drugs (e.g., taxol or mitomycin C), antiinflammatories 
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(e.g., ibuprofen and indometbacin), anthelmintics, antidepressants, antidotes, antiemetics, 
antihistamines, antihypertensives, antimalarials, antimicrotubule agents (e.g., colchicine 
or vinca alkaloids), antimigraine agents, antimicrobials, antiphsychotics, antipyretics, 
antiseptics, anti-signaling agents (e.g., protein kinase C inhibitors or inhibitors of 
intracellular calcium mobilization), antiarthritics, antithrombin agents, antituberculotics, 
antitussives, antivirals, appetite suppressants, cardioactive drugs, chemical dependency 
drugs, cathartics, chemotherapeutic agents, coronary, cerebral or peripheral vasodilators, 
contraceptive agents, depressants, diuretics, expectorants, growth factors, hormonal 
agents, hypnotics, immunosuppression agents, narcotic antagonists, 
parasympathomimetics, sedatives, stimulants, sympathomimetics, toxins (e.g., cholera 
toxin), tranquilizers and urinary antiinfectives. 

For imaging purposes, any of a variety of diagnostic agents may be 
incorporated into a pharmaceutical composition, either linked to a modulating agent or 
free within the composition. Diagnostic agents include any substance administered to 
illuminate a physiological function within a patient, while leaving other physiological 
functions generally unaffected. Diagnostic agents include metals, radioactive isotopes 
and radioopaque agents (e.g., gallium, technetium, indium, strontium, iodine, barium, 
bromine and phosphorus-containing compounds), radiolucent agents, contrast agents, 
dyes (e.g., fluorescent dyes and chromophores) and enzymes that catalyze a 
colorimetric or fluorometric reaction. In general, such agents may be attached using a 
variety of techniques as described above, and may be present in any orientation. 

The compositions described herein may be administered as part of a 
sustained release formulation (i.e., a formulation such as a capsule or sponge that 
effects a slow release of modulating agent following administration). Such 
formulations may generally be prepared using well known technology and administered 
by, for example, oral, rectal or subcutaneous implantation, or by implantation at the 
desired target site. Sustained-release formulations may contain a modulating agent 
dispersed in a carrier matrix and/or contained within a reservoir surrounded by a rate 
controlling membrane (see, e.g., European Patent Application 710,491A). Carriers for 
use within such formulations are biocompatible, and may also be biodegradable; 
preferably the formulation provides a relatively constant level of modulating agent 
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release. The amount of modulating agent contained within a sustained release 
formulation depends upon the site of implantation, the rate and expected duration of 
release and the nature of the condition to be treated or prevented. 

Pharmaceutical compositions of the present invention may be 
5 administered in a manner appropriate to the disease to be treated (or prevented). 
Appropriate dosages and the duration and frequency of administration will be 
determined by such factors as the condition of the patient, the type and severity of the 
patient's disease and the method of administration. In general, an appropriate dosage 
and treatment regimen provides the modulating agent(s) in an amount sufficient to 

10 provide therapeutic and/or prophylactic benefit. Within particularly preferred 
embodiments of the invention, a modulating agent or pharmaceutical composition as 
described herein may be administered at a dosage ranging from 0.001 to 50 mg/kg body 
weight, preferably from 0.1 to 20 mg/kg, on a regimen of single or multiple daily doses. 
For topical administration, a cream typically comprises an amount of modulating agent 

15 ranging from 0.00001% to 1%, preferably 0.0001% to 0.2%, and more preferably from 
0.0001% to 0.002%. Fluid compositions typically contain about 10 ng/ml to 5 mg/ml, 
preferably from about 10 |ig to 2 mg/mL peptidomimetic. Appropriate dosages may 
generally be determined using experimental models and/or clinical trials. In general, 
the use of the minimum dosage that is sufficient to provide effective therapy is 

20 preferred. Patients may generally be monitored for therapeutic effectiveness using 
assays suitable for the condition being treated or prevented, which will be familiar to 
those of ordinary skill in the art. 

Modulating Agent Methods of Use 

In general, the modulating agents and compositions described herein 

25 may be used for modulating the adhesion of classical cadherin-expressing cells (i.e., 
cells that express one or more of E-cadherin, N-cadherin, P-cadherin, R-cadherin and/or 
other cadherin(s) containing the HAV sequence, including as yet undiscovered classical 
cadherins) in vitro and/or in vivo. To modulate classical cadherin-mediated cell 
adhesion, a cadherin-expressing cell is contacted with a modulating agent either in vivo 

30 or in vitro. As noted above, modulating agents for purposes that involve the disruption 
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of cadherin-mediated cell adhesion may comprise a single peptidomimetic or multiple 
peptidomimetics in close proximity. When it is desirable to also disrupt cell adhesion 
mediated by other adhesion molecules, a modulating agent may additionally comprise 
one or more CAR sequences bound by such adhesion molecules (and/or antibodies or 
5 fragments thereof that bind such sequences), preferably separated by linkers. As noted 
above, such linkers may or may not comprise one or more amino acids. For enhancing 
cell adhesion, a modulating agent may contain multiple peptidomimetics, preferably 
separated by linkers, and/or may be linked to a single molecule or to a support material 
as described above. 

10 Certain methods involving the disruption of cell adhesion as described 

herein have an advantage over prior techniques in that they permit the passage of 
molecules that are large and/or charged across barriers of cadherin-expressing cells. As 
discussed in greater detail below, modulating agents as described herein may also be 
used to disrupt or enhance cell adhesion in a variety of other contexts. Within the 

15 methods described herein, one or more modulating agents may generally be 
administered alone, or within a pharmaceutical composition. In each specific method 
described herein, as noted above, a targeting agent may be employed to increase the 
local concentration of modulating agent at the target site. 

In one such aspect, the present invention provides methods for reducing 

20 unwanted cellular adhesion by administering a modulating agent as described herein. 
Unwanted cellular adhesion can occur between tumor cells, between tumor cells and 
normal cells or between normal cells as a result of surgery, injury, chemotherapy, 
disease, inflammation or other condition jeopardizing cell viability or function. 
Preferred modulating agents for use within such methods comprise a single 

25 peptidomimetic of a cyclic peptide as described above, such as N-Ac-CHAVC-Y-NH 2 
(SEQ ID NO:81), N-Ac -CHAVDC -NH? (SEQ ID NO:20), N-Ac -CSHAVC -N»> (SEQ 
ID NO:36) or N-Ac-CHAVC-NH 2 (SEQ ID NO: 10). In addition, a modulating agent 
may comprise the sequence RGD, which is bound by integrins, and/or the sequence 
LYHY (SEQ ID NO:55), which is bound by occludin, separated from the 

30 peptidomimetic via a linker. Other CAR sequences that may be present include OB- 
cadherin, dsg and dsc CAR sequences as described above. Alternatively, a separate 
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modulator of integrin, occludin-, OB-cadherin-, dsc- and/or dsg-mediated cell adhesion 
may be administered in conjunction with the modulating agent(s), either within the 
same pharmaceutical composition or separately. Topical administration of the 
modulating agent(s) is generally preferred, but other means may also be employed. 
5 Preferably, a fluid composition for topical administration (comprising, for example, 
physiological saline) comprises an amount of peptidomimetic as described above, and 
more preferably an amount ranging from 10|ag/mL to Img/mL. Creams may generally 
be formulated as described above. Topical administration in the surgical field may be 
given once at the end of surgery by irrigation of the wound, as an intermittent or 

10 continuous irrigation with use of surgical drains in the post operative period, or by the 
use of drains specifically inserted in an area of inflammation, injury or disease in cases 
where surgery does not need to be performed. Alternatively, parenteral or 
transcutaneous administration may be used to achieve similar results. 

In another aspect, methods are provided for enhancing the delivery of a 

15 drug through the skin of a mammal. Transdermal delivery of drugs is a convenient and 
non-invasive method that can be used to maintain relatively constant blood levels of a 
drug. In general, to facilitate drug delivery via the skin, it is necessary to perturb 
adhesion between the epithelial cells (keratinocytes) and the endothelial cells of the 
microvasculature. Using currently available techniques, only small, uncharged 

20 molecules may be delivered across skin in vivo. The methods described herein are not 
subject to the same degree of limitation. Accordingly, a wide variety of drugs may be 
transported across the epithelial and endothelial cell layers of skin, for systemic or 
topical administration. Such drugs may be delivered to melanomas or may enter the 
blood stream of the mammal for delivery to other sites within the body. 

25 To enhance the delivery of a drug through the skin, a modulating agent 

as described herein and a drug are contacted with the skin surface. Preferred 
modulating agents for use within such methods comprise a single peptidomimetic of a 
cyclic peptide as described above, such as N-Ac-CHAVC-Y-NH? (SEQ ID NO:81), N- 
Ac -CHAVDC -NH 2 (SEQ ID NO:20), N-Ac- CSHAVC -NHo (SEQ ID NO:36) or N-Ac- 

30 CHAVC-NH 2 (SEQ ID NO: 10). Multifunctional modulating agents comprising such a 
peptidomimetic linked to one or more of the Dsc and/or the Dsg CAR sequences may 
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also be used to disrupt epithelial cell adhesion. Such modulating agents may also, or 
alternatively, comprise the fibronectin CAR sequence RGD, which is recognized by 
integrins, the occludin CAR sequence LYHY (SEQ ID NO:55) and/or a claudin CAR 
sequences as described above. Alternatively, a separate modulator of non-classical 
5 cadherin-mediated cell adhesion may be administered in conjunction with the 
modulating agent(s), either within the same pharmaceutical composition or separately. 

Contact may be achieved by direct application of the modulating agent, 
generally within a composition formulated as a cream or gel, or using any of a variety 
of skin contact devices for transdermal application (such as those described in European 

10 Patent Application No. 566,816 A; U.S. Patent No. 5,613,958; U.S. Patent No. 
5,505,956). A skin patch provides a convenient method of administration (particularly 
for slow-release formulations). Such patches may contain a reservoir of modulating 
agent and drug separated from the skin by a membrane through which the drug diffuses. 
Within other patch designs, the modulating agent and drug may be dissolved or 

15 suspended in a polymer or adhesive matrix that is then placed in direct contact with the 
patient's skin. The modulating agent and drug may then diffuse from the matrix into the 
skin. Modulating agent(s) and drug(s) may be contained within the same composition 
or skin patch, or may be separately administered, although administration at the same 
time and site is preferred. In general, the amount of modulating agent administered via 

20 the skin varies with the nature of the condition to be treated or prevented, but may vary 
as described above. Such levels may be achieved by appropriate adjustments to the 
device used, or by applying a cream formulated as described above. Transfer of the 
drug across the skin and to the target tissue may be predicted based on in vitro studies 
using, for example, a Franz cell apparatus, and evaluated in vivo by appropriate means 

25 that will be apparent to those of ordinary skill in the art. As an example, monitoring of 
the serum level of the administered drug over time provides a convenient measure of 
the drug transfer across the skin. 

Transdermal drug delivery as described herein is particularly useful in 
situations in which a constant rate of drug delivery is desired, to avoid fluctuating blood 

30 levels of a drug. For example, morphine is an analgesic commonly used immediately 
following surgery. When given intermittently in a parenteral form (intramuscular, 
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intravenous), the patient usually feels sleepy during the first hour, is well during the next 
2 hours and is in pain during the last hour because the blood level goes up quickly after 
the injection and goes down below the desirable level before the 4 hour interval 
prescribed for re-injection is reached. Transdermal administration as described herein 
5 permits the maintenance of constant levels for long periods of time (e.g., days), which 
allows adequate pain control and mental alertness at the same time. Insulin provides 
another such example. Many diabetic patients need to maintain a constant baseline level 
of insulin which is different from their needs at the time of meals. The baseline level may 
be maintained using transdermal administration of insulin, as described herein. 

10 Antibiotics may also be administered at a constant rate, maintaining adequate bactericidal 
blood levels, while avoiding the high levels that are often responsible for the toxicity 
(e.g., levels of gentamycin that are too high typically result in renal toxicity). 

Drug delivery by the methods of the present invention also provide a 
more convenient method of drug administration. For example, it is often particularly 

15 difficult to administer parenteral drugs to newborns and infants because of the difficulty 
associated with finding veins of acceptable caliber to catheterize. However, newborns 
and infants often have a relatively large skin surface as compared to adults. 
Transdermal drug delivery permits easier management of such patients and allows 
certain types of care that can presently be given only in hospitals to be given at home. 

20 Other patients who typically have similar difficulties with venous catheterization are 
patients undergoing chemotherapy or patients on dialysis. In addition, for patients 
undergoing prolonged therapy, transdermal administration as described herein is more 
convenient than parenteral administration. 

Transdermal administration as described herein also allows the 

25 gastrointestinal tract to be bypassed in situations where parenteral uses would not be 
practical. For example, there is a growing need for methods suitable for administration 
of therapeutic small peptides and proteins, which are typically digested within the 
gastrointestinal tract. The methods described herein permit administration of such 
compounds and allow easy administration over long periods of time. Patients who have 

30 problems with absorption through their gastrointestinal tract because of prolonged ileus 
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or specific gastrointestinal diseases limiting drug absorption may also benefit from 
drugs formulated for transdermal application as described herein. 

Further, there are many clinical situations where it is difficult to maintain 
compliance. For example, patients with mental problems (e.g., patients with Alzheimer's 
5 disease or psychosis) are easier to manage if a constant delivery rate of drug is provided 
without having to rely on their ability to take their medication at specific times of the day. 
Also patients who simply forget to take their drugs as prescribed are less likely to do so if 
they merely have to put on a skin patch periodically (e.g., every 3 days). Patients with 
diseases that are without symptoms, like patients with hypertension, are especially at risk 

1 0 of forgetting to take their medication as prescribed. 

For patients taking multiple drugs, devices for transdermal application 
such as skin patches may be formulated with combinations of drugs that are frequently 
used together. For example, many heart failure patients are given digoxin in 
combination with furosemide. The combination of both drugs into a single skin patch 

15 facilitates administration, reduces the risk of errors (taking the correct pills at the 
appropriate time is often confusing to older people), reduces the psychological strain of 
taking "so many pills," reduces skipped dosage because of irregular activities and 
improves compliance. 

The methods described herein are particularly applicable to humans, but 

20 also have a variety of veterinary uses, such as the administration of growth factors or 
hormones (e.g., for fertility control) to an animal. 

As noted above, a wide variety of drugs may be administered according 
to the methods provided herein. Some examples of drug categories that may be 
administered transdermally include anti-inflammatory drugs (e.g., in arthritis and in 

25 other condition) such as all NSAID, indomethacin, prednisone, etc.; analgesics 
(especially when oral absorption is not possible, such as after surgery, and when 
parenteral administration is not convenient or desirable), including morphine, codeine, 
Demerol, acetaminophen and combinations of these (e.g., codeine plus acetaminophen); 
antibiotics such as Vancomycin (which is not absorbed by the GI tract and is frequently 

30 given intravenously) or a combination of INH and Rifampicin (e.g., for tuberculosis); 
anticoagulants such as heparin (which is not well absorbed by the GI tract and is 
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generally given parenterally, resulting in fluctuation in the blood levels with an 
increased risk of bleeding at high levels and risks of inefficacy at lower levels) and 
Warfarin (which is absorbed by the GI tract but cannot be administered immediately 
after abdominal surgery because of the normal ileus following the procedure); 
5 antidepressants (e.g., in situations where compliance is an issue as in Alzheimer's 
disease or when maintaining stable blood levels results in a significant reduction of 
anticholinergic side effects and better tolerance by patients), such as amitriptylin, 
imipramin, prozac, etc.; antihypertensive drugs (e.g., to improve compliance and reduce 
side effects associated with fluctuating blood levels), such as diuretics and beta- 
10 blockers (which can be administered by the same patch; e.g., furosemide and 
propanolol); antipsychotics {e.g., to facilitate compliance and make it easier for care 
giver and family members to make sure that the drug is received), such as haloperidol 
and chlorpromazine; and anxiolytics or sedatives {e.g., to avoid the reduction of 
alertness related to high blood levels after oral administration and allow a continual 
15 benefit throughout the day by maintaining therapeutic levels constant). 

Numerous other drugs may be administered as described herein, 
including naturally occurring and synthetic hormones, growth factors, proteins and 
peptides. For example, insulin and human growth hormone, growth factors like 
erythropoietin, interleukins and interferons may be delivered via the skin. 
20 Kits for administering a drug via the skin of a mammal are also provided 

within the present invention. Such kits generally comprise a device for transdermal 
application {i.e., skin patch) in combination with, or impregnated with, one or more 
modulating agents. A drug may additionally be included within such kits. 

Within a related embodiment, the use of modulating agents as described 
25 herein to increase skin permeability may also facilitate sampling of the blood 
compartment by passive diffusion, permitting detection and/or measurement of the 
levels of specific molecules circulating in the blood. For example, application of one or 
more modulating agents to the skin, via a skin patch as described herein, permits the 
patch to function like a sponge to accumulate a small quantity of fluid containing a 
30 representative sample of the serum. The patch is then removed after a specified amount 
of time and analyzed by suitable techniques for the compound of interest (e.g., a 
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medication, hormone, growth factor, metabolite or marker). Alternatively, a patch may 
be impregnated with reagents to permit a color change if a specific substance {e.g., an 
enzyme) is detected. Substances that can be detected in this manner include, but are not 
limited to, illegal drugs such as cocaine, HIV enzymes, glucose and PSA. This 
5 technology is of particular benefit for home testing kits. 

Within a further aspect, methods are provided for enhancing delivery of 
a drug to a tumor in a mammal, comprising administering a modulating agent in 
combination with a drug to a tumor-bearing mammal. Modulating agents for use within 
such methods include those designed to disrupt E-cadherin and/or N-cadherin mediated 
10 cell adhesion, such as agents that comprise a single peptidomimetic of a cyclic peptide 
as described above, such as N-Ac- CHAVC -Y-NHo (SEQ ID NO:81), N-Ac- CHAVDC - 
NH 2 (SEQ ID NO 20), N-Ac -CSHAVC -NH, (SEQ ID NO:36) or N-Ac -CHAVC -NH, 
(SEQ ID NO: 10). 

In one particularly preferred embodiment, a modulating agent is capable 

15 of disrupting cell adhesion mediated by multiple adhesion molecules. For example, a 
single branched modulating agent (or multiple agents linked to a single molecule or 
support material) may disrupt E-cadherin, N-cadherin, occludin, Dsc and Dsg mediated 
cell adhesion, thereby disrupting adherens junctions, tight junctions and desmosomes. 
Such an agent may comprise one or more peptidomimetics, as well as one or more of 

20 the fibronectin CAR sequence RGD, which is recognized by integrins; a dsg CAR 
sequence; a dsc CAR sequence; a claudin CAR sequence; an occludin CAR sequence 
and/or an OB-cadherin CAR sequence. Such agents serve as multifunctional disrupters 
of cell adhesion. Alternatively, a separate modulator of non-classical cadherin- 
mediated cell adhesion may be administered in conjunction with the modulating 

25 agent(s), either within the same pharmaceutical composition or separately. Antibodies 
or Fab fragments directed against a cadherin CAR sequence and/or an occludin CAR 
sequence may also be employed, either incorporated into a modulating agent or within a 
separate modulator that is administered concurrently. 

Preferably, the modulating agent and the drug are formulated within the 

30 same composition or drug delivery device prior to administration. In general, a 
modulating agent may enhance drug delivery to any tumor, and the method of 
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admmtstration may be chosen based on ,he type of tatget tumor For example, injection 
ortop.cal administration as described above may be preferred for melanomas and other 
accesstble tumors (e.g.. metastases from primary ovarian tumors may be treated by 
fiushtng the peritoneal cavity with the composition). Other tumors (e.g.. bladder 
5 tumors) may be treated by injection of the modulating agent and the thug (such as 
mttomycin C) into the site of the tumor. In other insunces, the composition may be 
administered systemically, and targeted to the tumor using any of a variety of specific 
•argetmg agents. Suitable drugs may be identified by those of ordinary skill in the art 
based upon the type of cancer ,o be treated (e.g.. mitomycin C for bladder cancer) to 
10 general, the amount of modulating agent administered varies with the metitod of 
admmistration and the nature of the tumor, within the typical ranges provided above 
preferably ranging from about lug/mL to about 2 mg/mL, and more preferably from 
about lO^g/mL to lOOpgimL. Transfer of the drug ,o the targe, tumor may be evaluated 
by appropriate menus ,ha, will be apparent to those of ordinary skill in the art, such as a 
15 reducon in tumor size Drugs may also be labeled (e.g.. using radionuclides) to permit 
dtrec. observation of transfer to the target tumor using standard imaging techniques. 

Wtthtn a related aspect, the present invention provides methods for 
■nhtbttrng the development of a cancer (i.e., for treating or preventing cancer and/or 
mbtbiting metastasis) in a mammal. Cancer tumors are solid masses of cells, growing 
20 on, of control, which require nourishment via blood vessels The formation of new 
captllanes is a prerequisite for tumor growrh and the emergence of metastases 
Admmtstration of a modulating agent as described herein may disrupt the grown, of 
such blood vessels, thereby providing effective therapy for the cancer and/or inhibiting 
metastasis. Modulating agents comprising peptidomimetics may also be used ,o free, 
25 leukemias Preferred modulating agents for use within such methods include those mat 
dtstup. N-cadherin mediated cell adhesion, such as agents that comprise a 
peprtdomimetic of a cyclic peptide as described above (e.g.. N-Ao-CH^C-Y-NH, 
(SEQ ID NC, 8 1), N-Ac-CHfflEC-NH, (SEQ !D NO.20), N-Ac-CSfiffiC-NH, (SEQ 
m NO:36) or N-Ac-CiMYC-NH, (SEQ ro NO:10)) . ,„ ^ , m0 ^ g 
30 may comprise the sequence ROD, which is recognized by integrius, and/or the occlndin 
CAR sequence LYHY (SEQ ID NO:55) separated via a linker. Oner CAR sequences 
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«ha. may be present include an OB-odherin CAR sequence; dsc CAR sequel, dsg 
CAR sequence and/or daudin CAR sequence. Alternatively, a separate modulator of 
integrin- OB-cadherin, dsc, dsg-, daudin- and/or occludin-mediated cell adhesion may 
be administered in conjunction with the modulating agent(s), either within the same 
5 pharmaceutical composition or separately. 

A modulating agent may be administered alone {e.g., via the skin) or 
within a pharmaceutical composition. For melanomas and certain other accessible 
tumors, injection or topical administration as described above may be preferred. For 
ovarian cancers, flushing the peritoneal cavity with a composition comprising one or 
10 more modulating agents may prevent metastasis of ovarian tumor cells. Other tumors 
(e g. bladder tumors, bronchial tumors or tracheal tumors) may be treated by injection 
of the modulating agent into the cavity. In other instances, the composition may be 
administered systemically, and targeted to the tumor using any of a variety of specific 
targeting agents, as described above. In general, the amount of modulating agent 
,5 administered varies depending upon the method of administration and the nature of the 
cancer but may vary within the ranges identified above. The effectiveness of the 
cancer treatment or inhibition of metastasis may be evaluated using well known climcal 
observations such as the level of serum markers (e.g., CEA or PSA). 

Within a further related aspect, a modulating agent may be used to 
20 inhibit angiogenesis (/.*., the growth of blood vessels from pre-existing blood vessels) 
in a mammal. In general, inhibition of angiogenesis may be beneficial in patients 
afflicted with diseases such as cancer or arthritis. Preferred modulating agents for use 
within such methods comprise a single peptidomimetic of a cyclic peptide as described 
above, such as N-Ac-CHAYC-Y-NH 2 (SEQ ID NO:81), N-Ac£HAYDC-NH 2 (SEQ ID 
25 NO 20) N-Ac-£SHAVC-NH 2 (SEQ ID NO:36) or N-Ac-CHAVC-NH 2 (SEQ ID 
NO 10) In addition, a modulating agent for use in inhibiting angiogenesis may 
comprise the sequence ROD, which is recognized by integrins, the occludin CAR 
sequence LYHY (SEQ ID NO:55) and/or a claudin CAR sequence, separated from the 
peptidomimetic via a linker. Alternatively, a separate modulator of integrin- and/or 
30 occludin-mediated cell adhesion may be administered in conjunction with the 
modulating agent(s), either within the same pharmaceutical composition or separately. 
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The effect of a particular modulating agent on angiogenesis may 
generally be determined by evaluating the effect of the agent on blood vessel formation. 
Such a determination may generally be performed, for example, using a chick 
chorioallantoic membrane assay (Iruela-Arispe et al., Molecular Biology of the Cell 
5 6:327-343, 1995). Briefly, a modulating agent may be embedded in a mesh composed 
of vitrogen at one or more concentrations {e.g., ranging from about 1 to 100 (ig/mesh). 
The mesh(es) may then be applied to chick chorioallantoic membranes. After 24 hours, 
the effect of the agent may be determined using computer assisted morphometric 
analysis. A modulating agent should inhibit angiogenesis by at least 25% at a 

10 concentration of 33 |Ltg/mesh. 

The addition of a targeting agent may be beneficial, particularly when 
the administration is systemic. Suitable modes of administration and dosages depend 
upon the condition to be prevented or treated but, in general, administration by injection 
is appropriate. Dosages may vary as described above. The effectiveness of the 

15 inhibition may be evaluated grossly by assessing the inability of the tumor to maintain 
growth and microscopically by an absence of nerves at the periphery of the tumor. 

In yet another related aspect, the present invention provides methods for 
inducing apoptosis in a cadherin-expressing cell. In general, patients afflicted with 
cancer may benefit from such treatment. Preferred modulating agents for use within 

20 such methods comprise a single peptidomimetic of a cyclic peptide as described above, 
such as N-Ac-CHAVC-Y-NH 2 (SEQ ID NO:81), N-Ac- CHAVPC -Ntt, (SEQ ID 
NO:20), N-Ac -CSHAVC -NH, (SEQ ID NO:36) or N-Ac -CHAVC -NH, (SEQ ID 
NO: 10). Modulating agents comprising a CAR sequence for a second adhesion 
molecule {e.g., RGD, LYHY (SEQ ID NO:55) or a CAR sequence for OB-cadherin, a 

25 desmoglein, a desmocollin or claudin) are also preferred. Alternatively, a separate 
modulator of cell adhesion mediated by an adhesion molecule that is not a cadherin may 
be administered in conjunction with the modulating agent(s), either within the same 
pharmaceutical composition or separately. Administration may be topical, via injection 
or by other means, and the addition of a targeting agent may be beneficial, particularly 

30 when the administration is systemic. Suitable modes of administration and dosages 
depend upon the location and nature of the cells for which induction of apoptosis is 

BNSDOCID: <WO_0153331A3JA> 



WO 01/053331 



PCT/US01/02508 



71 

desired but, in general, dosages may vary as described above. A biopsy may be 
performed to evaluate the level of induction of apoptosis. 

The present invention also provides methods for enhancing drug delivery 
to the central nervous system of a mammal. The blood/brain barrier is largely 

5 impermeable to most neuroactive agents, and delivery of drugs to the brain of a 
mammal often requires invasive procedures. Using a modulating agent as described 
herein, however, delivery may be by, for example, systemic administration of a 
peptidomimetic-drug-targeting agent combination, injection of a peptidomimetic (alone 
or in combination with a drug and/or targeting agent) into the carotid artery or 

10 application of a skin patch comprising a modulating agent to the head of the patient. 
Certain preferred peptidomimetics for use within such methods are relatively small 
{e.g., peptidomimetics of cyclic peptides having a ring size of 4-10 residues; preferably 
5-7 residues) and include peptidomimetics of peptides comprising a 5-residue ring such 
as N-Ac-CHAVC-NH 2 (SEQ ID NO: 10) and N-Ac-KHAVD-NH 2 (SEQ ID NO: 12). 

15 Other preferred modulating agents for use within such methods comprise a 
peptidomimetic of N-Ac-CHAVC-Y-NH 2 (SEQ ID NO:81), N-Ac-CSHAVC-NH 2 (SEQ 
ID NO:36) or N-Ac -CHAVDC -NEk (SEQ ID NO:20). Also preferred are bi-functional 
modulating agents comprising an occludin CAR sequence LYHY (SEQ ID NO: 5 5) 
and/or claudin CAR sequence, preferably joined by a linker. Alternatively, a separate 

20 modulator of occludin-mediated cell adhesion may be administered in conjunction with 
the modulating agent(s), either within the same pharmaceutical composition or 
separately. Modulating agents may further comprise antibodies or Fab fragments 
directed against the N-cadherin CAR sequence FHLRAHAVDINGNQV-NH 2 (SEQ ID 
NO:75). Fab fragments directed against the occludin CAR sequence region 

25 GVNPTAQS SGSLYGSQIYALCNQF YTPAA^ (SEQ ID 

NO:78) may also be employed, either incorporated into the modulating agent or 
administered concurrently as a separate modulator. 

In general, the amount of modulating agent administered varies with the 
method of administration and the nature of the condition to be treated or prevented, but 

30 typically varies as described above. Transfer of the drug to the central nervous system 
may be evaluated by appropriate means that will be apparent to those of ordinary skill 
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in the art, such as magnetic resonance imaging (MRI) or PET scan (positron emitted 
tomography). 

In still further aspects, the present invention provides methods for 
enhancing adhesion of cadherin-expressing cells. Within certain embodiments a 
5 modulating agent may be linked to a support molecule or to a solid support as described 
above, resulting in a matrix tba, comprises multiple modulating agent, Within one such 
embodtmenr, the support is . p0 , ymeric ^ „ wMch ^ ^ ^ ^ 

molecules comprising other CAR sequences) are attached (e.g., modulating agents and 
molecules comprising ROD, LYHY (SEQ ID NO:J5) or a CAR sequence for OB- 
> cadhenn, a desmoglein, a desmocollin or claudin, may be attached to the same matrix 
preferably ,n an alternating pattern). Such matrices may be used in contexts in which it is 
desnable to enhance adhesion mediated by multiple cel. adhesion molecules 
Alternatively, rhe modulating agent itself may comprise multiple peptidomimetics 
separated by linkers as described above. Either way, the modulating agenda) function as 
a "btologica. glue" to b,nd mulfipfe crulherin-expressing cells within a variety of confer 
Withto one embodiment, such modulating agents may be used to 
enhance wound healing and/or reduce scar tissue in a mamma,. Preferred modulating 
agents for use within such methods comprise a singfe pepfidomimetic of a cyclic 
pept.de as described above, such as N-Ac-EHAVC-Y-NH, (SEQ ID NO 81) N-Ac 
CHAVDC-NHr (SEQ ID NO:20), N-Ac-OfflAVC-NH, (SEQ ID ND36) or N-Ae 
CHAVC-NHr (SEQ !D NO:,0). Modulating agents fha, are linked to a biocompafibie 
and btodegradable matrix such as cellulose or collagen are particularly preferred For 
use wtthin such methods, a modulating agent should have a free ammo or hydroxyl 
group. Multi-functional modulating agents further comprising fhe fibrottectin CAR 
sequence ROD, which is recognized by infegrins, aa well CAR sequences for OB- 
cadherin, claudin, dsc and/or dsg, may afso be used as potent stimulators of wound 
healmg and/o, to reduce scar tissue. Such agents may also, or alternatively, comprise 
.he occludin CAR sequence LYHY (SEQ ID NO:5S). Alternatively, one or more 
separate modulators of imegrin-, Dsc, Dsg, claudin-, OB-cadherin- and/or occludin- 
medtated coll adhesion may be administered in conjunction with the modulating 
agen,(s), either withirt the same pharmaceutical composition or separately. 
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The modulating agents are generally administered topically to the 
wound where they may facilitate closure of the wound and may augment, or even 
replace stitches. Similarly, administration of matrix-linked modulating agents may 
facilitate cell adhesion in foreign tissue implants (e.g., skin grafting and prosthetic 
5 implants) and may prolong the duration and usefulness of collagen injection. In 
general the amount of matrix-linked peptidomimetic administered to a wound, graft or 
implant site varies with the severity of the wound and/or the nature of the wound, graft, 
or implant, but may vary as discussed above. 

Within another embodiment, one or more modulating agents may be 
L0 linked to the interior surface of a tissue culture plate or other cell culture support, such 
as for use in a bioreactor. Such linkage may be performed by any suitable technique, as 
described above. Modulating agents linked in this fashion may generally be used to 
im mobilize cadherin-expressing cells. For example, dishes or plates coated with one or 
more modulating agents may be used to immobilize cadherin-expressing cells within a 
15 variety of assays and screens. Within bioreactors (/.,, systems for larger scale 
production of cells or organoids), modulating agents may generally be used to improve 
cell attachment and stabilize cell growth. Modulating agents may also be used within 
bioreactors to support the formation and function of highly differentiated organoids 
derived, for example, from dispersed populations of fetal mammalian cell, Bioreactors 
20 containing biomatrices of P e P tidomimetic(s) may also be used to facilitate the 

production of specific proteins. 

Modulating agents as described herein may be used within a variety of 
bioreactor configurations. In general, a bioreactor is designed with an interior surface 
area sufficient to support larger numbers of adherent cell, This surface area can be 
25 provided using membranes, tubes, microliter wells, columns, hollow fibers, roller bottles, 
plates dishes, beads or a combination thereof. A bioreactor may be compartmentalized. 
The support material within a bioreactor may be any suitable material known m the art; 
preferably, the support material does not dissolve or swell in water. Preferred support 
materials include, but are not limited to, synthetic polymers such as acrylics, vinyls, 
30 polyethylene, polypropylene, polytetrafluoroethylene, nylons, polyurethanes, polyamides, 
polysulfones and polyethylene terephthalate); ceramics; glass and silica. 



BNSDOCID <WO 01 53331 A3 J A> 



WO 01/053331 



PCT/US01/02508 



74 

Modulating agents may also be used, within other aspects of the present 
invention, to enhance and/or direct neurological growth. In one aspect, neurite 
outgrowth may be enhanced and/or directed by contacting a neuron with one or more 
modulating agents. Preferred modulating agents for use within such methods are linked 

5 to a polymeric matrix or other support, and comprise a peptidomimetic of a cyclic 
peptide as described above, such as N-Ac-CHAVC-Y-NH 2 (SEQ ID NO:81), N-Ac- 
CHAVDC-NH 2 (SEQ ID NO:20), N-Ac-CSHAVC-NH 2 (SEQ ID NO:36) or N-Ac- 
CHAVC-NH 2 (SEQ ID NO: 10). In addition, a modulating agent further comprising 
RGD and/or YIGSR (SEQ ID NO: 52), which are bound by integrins, and/or the N- 

10 CAM CAR sequence KYSFNYDGSE (SEQ ID NO:53) may further facilitate neurite 
outgrowth. Other CAR sequences that may also, or alternatively, be included are CAR 
sequences for cadherin-7, cadherin-8, cadherin-12, cadherin-14, cadherin-15, PB- 
cadherin, protocadherins and cadherin-related neuronal receptors. Modulating agents 
comprising antibodies, or fragments thereof, may be used within this aspect of the 

15 present invention without the use of linkers or support materials. Preferred antibody 
modulating agents include Fab fragments directed against the N-cadherin CAR 
sequence FHLRAHAVDINGNQV-NH 2 (SEQ ID NO:75). Fab fragments directed 
against the N-CAM CAR sequence KYSFNYDGSE (SEQ ID NO:53) may also be 
employed, either incorporated into the modulating agent or administered concurrently 

20 as a separate modulator. 

The method of achieving contact and the amount of modulating agent 
used will depend upon the location of the neuron and the extent and nature of the 
outgrowth desired. For example, a neuron may be contacted (e.g., via implantation) with 
modulating agent(s) linked to a support material such as a suture, fiber nerve guide or 

25 other prosthetic device such that the neurite outgrowth is directed along the support 
material. Alternatively, a tubular nerve guide may be employed, in which the lumen of 
the nerve guide contains a composition comprising the modulating agent(s). In vivo, such 
nerve guides or other supported modulating agents may be implanted using well known 
techniques to, for example, facilitate the growth of severed neuronal connections and/or 

30 to treat spinal cord injuries. It will be apparent to those of ordinary skill in the art that the 
structure and composition of the support should be appropriate for the particular injury 
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being treated. In vitro, a polymeric matrix may similarly be used to direct the growth of 
neurons onto patterned surfaces as described, for example, in U.S. Patent No. 5,510,628. 

Within another such aspect, one or more modulating agents may be used 
for therapy of a demyelinating neurological disease in a mammal. There are a number 
5 of demyelinating diseases, such as multiple sclerosis, characterized by oligodendrocyte 
death. It has been found, within the context of the present invention, that Schwann cell 
migration on astrocytes is inhibited by N-cadherin. Modulating agents that disrupt N- 
cadherin mediated cell adhesion as described herein may be implanted into the central 
nervous system with cells capable of replenishing an oligodendrocyte population, such 

10 as Schwann cells, oligodendrocytes or oligodendrocyte precursor cells. Such therapy 
may facilitate of the cell capable of replenishing an oligodendrocyte population and 
permit the practice of Schwann cell or oligodendrocyte replacement therapy. 

Multiple sclerosis patients suitable for treatment may be identified by 
criteria that establish a diagnosis of clinically definite or clinically probable MS {see 

15 Poser et al., Ann. Neurol /3:227, 1983). Candidate patients for preventive therapy may 
be identified by the presence of genetic factors, such as HLA-type DR2a and DR2b, or 
by the presence of early disease of the relapsing remitting type. 

Schwann cell grafts may be implanted directly into the brain along with 
the modulating agent(s) using standard techniques. Preferred modulating agents for use 

20 within such methods comprise a peptidomimetic of a cyclic peptide as described above, 
such as N-Ac-CHAVC-Y-NH 2 (SEQ ID NO:81), N-Ac -CHAVDC -NH? (SEQ ID 
NO:20), N-Ac -CSHAVC -NH, (SEQ ID NO:36) or N-Ac- CHAVC -NH? (SEQ ID 
NO: 10). Modulating agents comprising antibodies, or fragments thereof, may also be 
used within this aspect of the present invention. Preferred antibody modulating agents 

25 include Fab fragments directed against the N-cadherin CAR sequence 
FHLRAHAVDINGNQV-NH2 (SEQ ID NO:75). Suitable amounts of peptidomimetic 
generally range as described above, preferably from about 10p.g/mL to about 1 mg/mL. 

Alternatively, a modulating agent may be implanted with oligodendrocyte 
progenitor cells (OPs) derived from donors not afflicted with the demyelinating disease. 

30 The myelinating cell of the CNS is the oligodendrocyte. Although mature 
oligodendrocytes and immature cells of the oligodendrocyte lineage, such as the 
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ohgodendrocyte type 2 astrocyte progenitor, have been used for traosptaatioo, OPs are 
more wtdely used. OPs are highly motile and are able to migrate from tansplm ^ ,„ 
leaned areas where they differentiate into matirr. myelio-fonping oUgodendrocytes and 
contnbute to repair of demyelinateti axons (see , g ., Groves e, al., Ata™ 562-453-55 
5 1993; Baron-Van Evercooren et al, Glia rd.,47-64, ,996). OPs can be isolated using 
routtne techniques known in the an (see e. g .. Miner and French-Con^ Deve^en, 
,20:3497-3506, ,994), from many regions of the CNS including brain, carebeUutn, spinal 
cord, opuc nerve and olfactoty bulb. Substantially greater yields of OP's are obtained 
from embryonic or neonata, rater than adult tissue. OPs may be isolated from human 
embryonic spinal cord and cultures of neurospberes established. Huntan fetal tissue is a 
potential valuable and renewable source of donor OP's for future, long range 
transplantation therapies of demyelinating diseases such as MS. * 

OPs can be expanded in viiro if as "homotypic aggregates" or 

spheres" (Avellana-Adalid e, al, J. Neurosci. Re, 45:558-70, ,996). Spheres 
.5 (sometimes called "oligospheres" or "neurospberes") are formed when OPs are grown 
m suspens.on io the presence of growth factors such as PDOF and FGF OPs can be 
harvested from spheres by mechanical dissociation and used for subsequent 
transplantation or esubfishmen, of new spheres io culture. Ahema«ive,y, the spheres 
themselves may be transplanted, providing a "focal reservoir" of OPs (Aveffaoa-Adafid 
20 et al, J. Neurosci. Res. 45:558-70, 1996). 

At, alternative source of OP may be spheres derived from CNS stem 
cells Rece ntly , Re y „ olds and WeUs Dev M ^ ^ ^ ^ ^ 

formed from EGF-responsive colls derived from embryonic neuroepifhelium, which 
appear to retaio the pluripotentiality exhibited by neuroepithelium in vfvo Ceffs 

25 dtasocated from these spheres are able to differentiate into neurons, oligodendrocytes 
and astrocytes when plated on adhesive substrates i» the absence of EOF, suggesting 
that EGF-responsive cells derived from undifferentiated embryonic neuroepithelium 
may represent CNS stem cells (Reynolds and Weiss, Dev. Bio,. ,651-13 ,9 96) 
Spheres derived from CNS stem cells provide an alternative sourco of OP which may be 

30 manipufafed in woo for transplantation ,„ vivo. Spheres composed of CNS stem cells 
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may further provide a 10 ~" ^ migra ' i0n - 

and differentiation of the OPsm vi vo 

The use of neurospheres for the treatment of MS may be taethtated by 
mediating agenu that enhance c*. migtation from the spheres. In the absence of 
5 modoiattng agent, the cells within she spheres adhere tightly to one another and 
migration on, of the spheres is hindered. Moduiating agents that disrep, N-cadherin 
Stated ceU adhesion as described herein, when injected with neurospheres mo fire 
centra! nervous system, may improve cell migration and increase the efficacy of OP 
icemen, therapy. Neurosphere grafts may be implanted direcfiy into .he centra, 
,0 nervous system along with the modulating agent(s> using standard techniques. 

Ajternatively, a modulating agent may be administered alone or wrthm a 
pharmaceutical composition. The duration and frequency of administration wdl be 
determined by such factors as the condition of the parieot, and the rype and seventy of 
the patient's disease. Within particularly preferred embodiments of the inventton, the 
15 peptidomimeric or pharmaceutical composition may be administered a, a dosage 
ranging from 0.1 mg/kg to 20 mg/Kg, although appropriate dosages may be derennmed 
hy clinical trials. Methods of administration include injection, intravenous or 
intrathecal (i.e.. directly in cerebrospinal fluid). 

Effective treatment of multiple sclerosis may be evidenced by any of the 
2 0 following criteria: EDSS (extended disability status scale), appearance of exacerbations 
„ r MRI (magnetic resonance imaging). The EDSS is a means to grade chntcal 
impairment due to MS (KurUke, Neuro^ 33:1444, 1«3), and a decrease of one full 
st ep defines an effective treatment in the context of me present invention (Kurtzke, Am. 
Neurol 36 573-79, 1994). Exacerbations are defined as the appearance of a new 
25 symptom that is attribute ,0 MS and accompanied by an appropriate new neurelogtc 
abnormality (Sipe e. a.., Neurolov 34:1368, ,984) Therapy is deemed ,o be eff.ct.ve 
if there is a statistically significant difference in fire ,a.e or proportion of exaceAaUon- 
free patients between the freated group and fire placebo group or a aaUsricaUy 
significant difference in fire rime to firs, execration or duration and severity tn the 

" , snared to conlrol group. MRI can be used to measure active lesions 

30 treated group compared ,0 control group . 

using gadolinium-DTPA-enhanced imaging (McDonald e. al. Am. NeuroL 3d,14, 1994) 
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or the location and extent of lesions using T 2 -weigbted techniques. The presence, 
location and extent of MS lesions may be determined by radiologists using standard 
techniques. Improvement due to therapy is established when there is a statistically 
significant improvement in an individual patient compared to baseline or in a treated 
5 group versus a placebo group. 

Efficacy of the modulating agent in the context of prevention may be 
judged based on clinical measurements such as the relapse rate and EDSS. Other 
criteria include a change in area and volume of T2 images on MRI, and the number and 
volume of lesions determined by gadolinium enhanced images. 

10 Within a related aspect, the present invention provides methods for 

facilitating migration of an N-cadherin expressing cell on astrocytes, comprising 
contacting an N-cadherin expressing cell with (a) a cell adhesion modulating agent that 
inhibits cadherin-mediated cell adhesion, wherein the modulating agent comprises a 
peptidomimetic as provided herein; and (b) one or more astrocytes; and thereby 

15 facilitating migration of the N-cadherin expressing cell on the astrocytes. Preferred N- 
cadherin expressing cells include Schwann cells, oligodendrocytes and oligodendrocyte 
progenitor cells. 

Within another aspect, modulating agents as described herein may be 
used for modulating the immune system of a mammal in any of several ways. 

20 Cadherins are expressed on immature B and T cells (thymocytes and bone marrow pre- 
B cells), as well as on specific subsets of activated B and T lymphocytes and some 
hematological malignancies (see Lee et al., J. Immunol. 752:5653-5659, 1994; Munro et 
al., Cellular Immunol 7^:309-312, 1996; Tsutsui et al., J. Biochem. 720:1034-1039, 
1996; Cepek et al., Proc. Natl Acad Set USA 95:6567-6571, 1996). Modulating 

25 agents may generally be used to modulate specific steps within cellular interactions 
during an immune response or during the dissemination of malignant lymphocytes. 

For example, a modulating agent as described herein may be used to 
treat diseases associated with excessive generation of otherwise normal T cells. 
Without wishing to be bound by any particular theory, it is believed that the interaction 

30 of cadherins on maturing T cells and B cell subsets contributes to protection of these 
cells from programmed cell death. A modulating agent may decrease such interactions, 
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leading to the induction of programmed cell death. Accordingly, modulating agents 
may be used to treat certain types of diabetes and rheumatoid arthritis, particularly in 
young children where the cadherin expression on thymic pre-T cells is greatest. 

Modulating agents may also be administered to patients afflicted with 
5 certain skin disorders (such as cutaneous lymphomas), acute B cell leukemia and 
excessive immune reactions involving the humoral immune system and generation of 
immunoglobulins, such as allergic responses and antibody-mediated graft rejection. In 
addition, patients with circulating cadherin-positive malignant cells (e.g., during 
regimes where chemotherapy or radiation therapy is eliminating a major portion of the 

1 0 malignant cells in bone marrow and other lymphoid tissue) may benefit from treatment 
with a peptidomimetic. Such treatment may also benefit patients undergoing 
transplantation with peripheral blood stem cells. 

Preferred modulating agents for use within such methods include those 
that disrupt E-cadherin and/or N-cadherin mediated cell adhesion, such as agents that 

15 comprise a peptidomimetic of a cyclic peptide as described above (e.g., N-Ac-CHAVC- 
Y-NH 2 (SEQ ID NO:81), N-Ac -CHAVDC -NH, (SEQ ID NO:20), N-Ac -CSHAVC -NH, 
(SEQ ID NO:36) or N-Ac- CHAVC -NH, (SEQ ID NO: 10)). In addition, a preferred 
modulating agent may comprise one or more additional CAR sequences, such as the 
sequence RGD, which is bound by integrins, as well as CAR sequences for occludin, N- 

20 CAM, OB-cadherin, cadherin-5, cadherin-6 and cadherin-8. As noted above, such 
additional sequence(s) may be separated from the peptidomimetic via a linker. 
Alternatively, a separate modulator of integrin-mediated cell adhesion may be 
administered in conjunction with the modulating agent(s), either within the same 
pharmaceutical composition or separately. 

25 Within the above methods, the modulating agent(s) are preferably 

administered systemically (usually by injection) or topically. A peptidomimetic may be 
linked to a targeting agent. As noted above, a modulating agent may further be linked to 
a targeting agent. For example, targeting to the bone marrow may be beneficial. A 
suitable dosage is sufficient to effect a statistically significant reduction in the population 

30 of B and/or T cells that express cadherin and/or an improvement in the clinical 
manifestation of the disease being treated. Typical dosages range as described above. 
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Within further aspects, the present invention provides methods and kits 
for preventing pregnancy in a mammal. In general, disruption of E-cadherin function 
prevents the adhesion of trophoblasts and their subsequent fusion to form 
syncitiotrophoblasts. In one embodiment, one or more modulating agents as described 
5 herem may be incorporated into any of a variety of well known contraceptive devices, 
such as sponges suitable for intravaginal insertion (see, e.g., U.S. Patent No. 5,417,224) 
or capsules for subdermal implantation. Other modes of administration are possible 
however, including transdermal administration, for modulating agents linked to an 
appropriate targeting agent. Preferred modulating agents for use within such methods 
10 comprise a single peptidomimetic of a cyclic peptide as described above, such as N-Ac- 
CHAVC-Y-NH 2 (SEQ ID NO.81), N-Ac-£H^DC-NH 2 (SEQ ED NO 20) N-Ac- 
CSHAVC-NH, (SEQ ID NO:36) or N-Ac-CHAVC-NH 2 (SEQ ID NO. 10). In addition, 
a preferred modulating agent may comprise additional CAR sequences, such as the 
sequence ROD, which is bound by integrin, As noted above, such additional 
15 sequences may be separated from the peptidomimetic via a linker. Alternatively, a 
separate modulator of integrin-mediated cell adhesion may be administered 'in 
conjunction with the modulating agent(s), either within the same pharmaceutical 
composition or separately. 

Suitable methods for incorporation into a contraceptive device depend 
20 upon the type of device and are well known in the art. Such devices facilitate 
admmistration of the peptidomimetic(s) to the uterine region and may provide a 
sustained release of the peptidomimetic(s). m general, peptidomimetic(s) may be 
admuustered via a contraceptive device at a dosage ranging from 0.1 to 20 mg/kg 
although appropriate dosages may be determined by monitoring hCG levels in the 
25 urine. hCG is produced by the placenta, and levels of this hormone rise in the urine of 
pregnant women. The urine hCG levels can be assessed by radio-immunoassay using 
well known techniques. Kits for preventing pregnancy generally comprise a 
contraceptive device impregnated with one or more peptidomimetics. 

Alternatively, a sustained release formulation of one or more 
30 peptidomimetics may be implanted, typically subdermally, in a mammal for the 
prevention of pregnancy. Such implantation may be performed using well known 
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techniques. Preferably, the implanted formulation provides a dosage as described 
above although the minimum effective dosage may be determined by those of ordinary 
skill in the art using, for example, an evaluation of hCG levels in the urine of women. 

The present invention also provides methods for increasing 
vasopermeability in a mammal by administering one or more modulating agents or 
pharmaceutical compositions. Within blood vessels, endothelial cell adhesion 
(mediated by N-cadherin) results in decreased vascular permeability. Accordingly, 
modulating agents as described herein may be used to increase vascular permeability. 
Within certain embodiments, preferred modulating agents for use within such methods 
include peptides capable of decreasing both endothelial and tumor cell adhesion. Such 
modulating agents may be used to facilitate the penetration of anti-tumor therapeutic or 
diagnostic agents (e.g., monoclonal antibodies) through endothelial cell permeability 
barriers and tumor barriers. Preferred modulating agents for use within such methods 
comprise a single peptidomimetic of a cyclic peptide as described above, such as N-Ac- 
CHAVC-Y-NH, (SEQ ID NO:81), N-Ac-CHAVDC-NH 2 (SEQ ID NO:20), N-Ac- 
CSHAYC-NH, (SEQ ID N0.36) or N-Ac-CHAVC-NH 2 (SEQ ID NO:10). In addition, 
a preferred modulating agent may comprise an occludi* CAR sequence LYHY (SEQ ID 
NO 55) and/or a CAR sequence for OB-cadherin or claudin. As noted above, such an 
additional sequence may be separated from the peptidomimetic via a linker. 
Alternatively, a separate modulator of occludin mediated cell adhesion may be 
administered in conjunction with one or modulating agents, either within the same 
pharmaceutical composition or separately. 

Within certain embodiments, preferred modulating agents for use within 
such methods include peptidomimetics capable of decreasing both endothelial and tumor 
5 cell adhesion. Such modulating agents may be used to facilitate the penetration of anti- 
tumor therapeutic or diagnostic agents (e.g., monoclonal antibodies) through endothelial 
cell permeability barriers and tumor barriers. For example, a modulating agent may 
comprise a peptidomimetic of a cyclic peptide having flanking E-cadherin-specific 
sequences and a peptidomimetic of a cyclic peptide having an HAV sequence with flanking 
i0 N-cadherin-specific sequences. Alternatively, separate modulating agents capable of 
disrupting N- and E-cadberin mediated adhesion may be administered concurrently. 



BNSDOCID- <WO 01 53331 A3JA> 



WO 01/053331 



PCT7US01/02508 



82 

In one particularly preferred embodiment, a modulating agent is further 
capable of disrupting cell adhesion mediated by multiple adhesion molecules. Such an 
agent may additionally comprise an RGD sequence, a Dsc CAR sequence, a Dsg CAR 
sequence and/or the occludin CAR sequence LYHY (SEQ ID NO:55). Alternatively, a 
5 separate modulator of non-classical cadherin-mediated cell adhesion may be 
administered in conjunction with the modulating agent(s), either within the same 
pharmaceutical composition or separately. Fab fragments directed against any of the 
above CAR sequences may also be employed, either incorporated into a modulating 
agent or within a separate modulator that is administered concurrently. 
]0 Treatment with a modulating agent may be appropriate, for example, 

prior to administration of an anti-tumor therapeutic or diagnostic agent (e.g., a 
monoclonal antibody or other macromolecule), an antimicrobial agent or an anti- 
inflammatory agent, in order to increase the concentration of such agents in the vicinity 
of the target tumor, organism or inflammation without increasing the overall dose to the 
15 patient. Modulating agents for use within such methods may be linked to a targeting 
agent to further increase the local concentration of modulating agent, although systemic 
administration of a vasoactive agent even in the absence of a targeting agent increases 
the perfusion of certain tumors relative to other tissues. Suitable targeting agents 
include antibodies and other molecules that specifically bind to tumor cells or to 
20 components of structurally abnormal blood vessels. For example, a targeting agent may 
be an antibody that binds to a fibrin degradation product or a cell enzyme such as a 
peroxidase that is released by granulocytes or other cells in necrotic or inflamed tissues. 

Administration via intravenous injection or transdermal administration is 
generally preferred. Effective dosages are generally sufficient to increase localization 
25 of a subsequently administered diagnostic or therapeutic agent to an extent that 
improves the clinical efficacy of therapy of accuracy of diagnosis to a statistically 
significant degree. Comparison may be made between treated and untreated tumor host 
animals to whom equivalent doses of the diagnostic or therapeutic agent are 
administered. In general, dosages range as described above. 
30 Within a further aspect, modulating agents as described herein may be 

used for controlled inhibition of synaptic stability, resulting in increased synaptic 
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plasticity. Within this aspect, administration of one or more modulating agents may be 
advantageous for repair processes within the brain, as well as learning and memory, in 
which neural plasticity is a key early event in the remodeling of synapses. Cell 
adhesion molecules, particularly N-cadherin and E-cadherin, can function to stabilize 
5 synapses, and loss of this function is thought to be the initial step in the remodeling of 
the synapse that is associated with learning and memory (Doherty et aL, J. 
Neurobiology, 26:431-446, 1995; Martin and Kandel, Neuron, 17:561-510, 1996; 
Fannon and Colman, Neuron, 77:423-434, 1996). Inhibition of cadherin function by 
administration of one or more modulating agents that inhibit cadherin function may 
10 stimulate learning and memory. 

Preferred modulating agents for use within such methods include those 
that disrupt E-cadherin and/or N-cadherin mediated cell adhesion, such as agents that 
comprise a single peptidomimetic of a cyclic peptide as described above {e.g., N-Ac- 
CHAVC-Y-NH 2 (SEQ ID NO:81), N-Ac -CHAVDC -NH 7 (SEQ ID NO:20), N-Ac- 
1 5 CSHAVC-NH 2 (SEQ ID NO:36) or N-Ac -CHAVC -NH, (SEQ ID NO: 1 0)). In addition, 
a preferred modulating agent may comprise one or more non-classical cadherin CAR 
sequences, such as the sequence RGD, which is bound by integrins, the N-CAM CAR 
sequence KYSFNYDGSE (SEQ ID NO:53) and/or a cadherin-related neuronal receptor 
CAR sequence. As noted above, such additional sequence(s) may be separated from 
20 the peptidomimetic via a linker. Alternatively, a separate modulator of integrin and/or 
N-CAM mediated cell adhesion may be administered in conjunction with the 
modulating agent(s), either within the same pharmaceutical composition or separately. 
For such aspects, administration may be via encapsulation into a delivery vehicle such 
as a liposome, using standard techniques, and injection into, for example, the carotid 
25 artery. Alternatively, a modulating agent may be linked to a disrupter of the blood-brain 
barrier. In general dosages range as described above. 

Within further aspects, peptidomimetics may be used to facilitate cell 
identification and sorting in vitro or imaging in vivo, permitting the selection of cells 
expressing different cadherins (or different cadherin levels). Preferably, the 
30 peptidomimetic(s) for use in such methods are linked to a detectable marker. Suitable 
markers are well known in the art and include radionuclides, luminescent groups, 
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fluorescent groups, enzymes, dyes, constant immunoglobulin domains and biotin. 
Within one preferred embodiment, a peptide mimetic linked to a fluorescent marker, 
such as fluorescein, is contacted with the cells, which are then analyzed by fluorescence 
activated cell sorting (FACS). 
5 The following Examples are offered by way of illustration and not by 

way of limitation. 
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EXAMPLE 1 
Preparation of Representative Cyclic Peptides 

This Example illustrates the solid phase synthesis of representative 
5 cyclic peptides. 

Peptides were generally assembled on methylbenzhydrylamine resin 
(MB HA resin) for the C-terminal amide peptides. The traditional Merrifield resins were 
used for any C-terminal acid peptides. Bags of a polypropylene mesh material were 
filled with the resin and soaked in dichloromethane. The resin packets were washed 

10 three times with 5% diisopropylethylamine in dichloromethane and then washed with 
dichloromethane. The packets are then sorted and placed into a Nalgene bottle 
containing a solution of the amino acid of interest in dichloromethane. An equal 
amount of diisopropylcarbodiimide (DIC) in dichloromethane was added to activate the 
coupling reaction. The bottle was shaken for one hour to ensure completion of the 

15 reaction. The reaction mixture was discarded and the packets washed with DMF. The 
N-a-Boc was removed by acidolysis using a 55% TFA in dichloromethane for 30 
minutes leaving the TFA salt of the ot-amino group. The bags were washed and the 
synthesis completed by repeating the same procedure while substituting for the 
corresponding amino acid at the coupling step. Acetylation of the N-terminal was 

20 performed by reacting the peptide resins with a solution of acetic anhydride in 
dichloromethane in the presence of diisopropylethylamine. The peptide was then side- 
chain deprotected and cleaved from the resin at 0°C with liquid HF in the presence of 
anisole as a carbocation scavenger. 

The crude peptides were purified by reversed-phase high-performance 

25 liquid chromatography. Purified linear precursors of the cyclic peptides were 
solubilized in 75% acetic acid at a concentration of 2-10mg/mL. A 10% solution of 
iodine in methanol was added dropwise until a persistent coloration was obtained. A 5% 
ascorbic acid solution in water was then added to the mixture until discoloration. The 
disulfide bridge containing compounds were then purified by HPLC and characterized 

30 by analytical HPLC and by mass spectral analysis. 
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N-AC-CHAVC-NH, (SEQ ID NO: 10) was synthesized on a 396-5000 
Advanced ChemTecb synthesizer using a Rink resin (4-(2',4'- D u»e U ,oxypheny,-Pmoc- 
armnomethyO-phenoxy resin) , which provided ^ ^ ^ 

chenmtr.es. The Fmoc protecting gronp o„ the resin was removed with pipeline and 
couphng of the amino acids to the resin initiated. Two coupling reactions in NMP (N- 
methylpyrrolidinone) per amino acid were performed. The firs, coupling was earned out 
usmg DIC (dusopropylcarboduroide) and the second coupling used HBTU (O 
henzo,riazo,e-N,N,N-,N.,-,e.ramemyi„tonium bexafluorophospbate) in the present of 
DIPEA (dusopropylethylamioe) Bom couplings were done in the presence of HOB. 
(bydroxybenzottiazole) with .he exception of histidine and .he final cysteine. The trity, 
pro.ecu„g group of the imidazole side chain of histidine is no. stable in the presence of 
HOB,. Acetylation of the free amine on the N-tetminus was carried out with ac«ic 
anhydride in NMP in the presence of DIPEA The linenr peptide was then cleaved torn 
.be resin wim TFA in dicb.oromethane. This procedure also removed the trity, protecting 
group on the imidazole side chan of histidine. The crude ,i„ear peptide amide was then 
cychzed using chlorosdane-sulfoxide oxidation method to give the disulfide peptide The 
crude cyclic peptide was purified using reverse-phase liquid chromatography. N-Ac- 
CH^C-Y-NH, (SEQ !D N0.8I) and N-Ac^AyBC-NH, (SEQ n> NO-20) were 
synthesized using the same procedure, except that the cleavage cocktail (TFA 
Dmhloromethane) will also remove the OtBu protecting group of tyrosine 



25 



30 



EXAMPLE 2 

flMMiBUgba ,^^,,! Stmctures of Bm „..„,.. ; ... r , m 

This Example illustrates the use of Nuclear Magnetic Resonance 
tcchmques to determine ,he three-dimensional structitre of the representative cyclic 
peptides N-Ac-OME-NH, (SEQ ro NO I0) ^^^^ (SEQ ^ 

N-Ac-CHffiC-Y-NH, (SEQ ID NO 81) and N-Ae-QSHAVQ-NH, (SEQ ID NO:36). ' 

The 3-dimensional structure of N-Ac-CiJAffi-NH 2 (SEQ ID NO 10) was 
derermmed using Nuclear Magnetic Re^ance (NMR) techniques combined wim 
molecular modelting Experimeors were performed using either a Bruker Avanco-800 or 
Broker Avance-500 NMR speorometer quipped with pulse field gradient units NMR 
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da ,a acqmsition was earned ou, in aqueous systems ft. dosely mimic physmfogtcd 
conditions. More specific* a,, samp.es were aualyzed in buffer — g 20mM 
NaPO. 0.2mM EDTA, ISO mM Nad and .0% DA wi,h «he pH adjusted <o 6.8 bo* 
before aud after me addition of DMSO-de. Tbe fine! volume inside me NMR mbe was 

f ™>rcr.K..ffer was 2 1 (333 uL DMSO. 166.67 \iL Buffer/10% 
5 500uL The ratio of DMSO butter was l.\ \^=> v- 

D,0 P H 6 8) Data acquisition for N-Ac-£H£ffi-NH 2 (Set, ID NO:10) was earned ou, 
a, 288K using me Bruker AMX-800 NMR specu-ometer. Data acquisition for N-Ac- 
CHAVC-Y-NH, (SEQ ID NMD was carried ou, a, b«h 278K and 288K using me 
^Avance-500 NMR spec—, and data acquisition for N-Ac-ffl^-NH, 
,0 (SEQ ID NO:20) was carried ou, a, 278K. Data was coUecmd a, two dtfferen, 
.emperamres for this compound in an aftemp, to remove the degeneracy observed a, 
288K with me NH proton of valine and me Hal ring promn of histidioe and thus remove 
any ambiguity to the subsequent assignment As tire degeneracy was no, affected by the 
temperature change, the dam acquired a, 288K was used for the proton assignment Dam 
U acquisition for N-Ac-CSHAVC-Nft (SEQ ID NO:36) was carried ou, a, 288K and a, 
278K using the Bndcer Avance-800 NMR spectrometer. Data was co.lec.ed a, me lower 
mmperamre in an aftemp, ,0 increase ,he number of crosspe* in me NOESV specma A 
greater number of crosspeaks were observed in tbe NOESY specftal dam acqmred a. 
278K and mis data set was used for the proton assignment and structure determmafton. 
20 The concentration of compound presen, in the NMR babe was dependen. on whether or 
no, aggregation was presen, as observed by visual inspection of the solution or v.a 
changes ,0 me H NMR specuum. Therefore * NMR were run a, various decreastog 
concentrations until no former changes ,0 me apecuum were observed. The concenftafton 
uaed for N-AcfiK^-Nft (SEQ ID NO.10) was 8mM, me concentration used for N- 
25 AcCH^yX-Y-NH, (SEQ ID NO*.) was 2mM, .he concentration used for N-Ac- 
CHAVDC-NH, (SEQ ID NO:20) was ImM and the concentration used for N-Ac- 
^^-NH, (SEQ ID N0.36) was ImM. As some changes to the H NMR specfta 
of N-AcCHAMC-NH, (SEQ ID NO:I0) were observed with decreasing concentration, 
2D-NMR (-.*, NOESY, DQF-COSY and TOCSY) experiments with N-Ac-CHAffi-NH, 
30 (SEQ ID NO.10) were also carried ou, a, 2mM. The concentration effects observed m 
„,e 'H NMR specfta of N-Ac-CHAY£-Nft (SEQ ID NO:10) did no, influence the 3-D 
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structure determined at 2mM, as the latter was virtually identical to that obtained when 
the NMR experiments were carried out at 8mM. 

The water solvent resonance was suppressed by using the WATERGATE 
procedure (Piotto et al, J. Biomol NMR 2:661-665, 1992). A purging field gradient pulse 

5 and a water flipback pulse were applied at the end of the mixing period for NOESY, 
ROESY and TOCSY experiments to maintain water at equilibrium conditions. These 
special pulse sequences help minimize the loss of resonance intensities of fast exchanging 
NH protons at neutral pH conditions (Fulton et al., J. Biomol NMR 5:213-218, 1996). 
Sine modulation along the tl-dimension was applied with an initial tl delay adjusted so 

10 that the zero and first-order phase corrections along Fl were 90 and 0 degrees 
respectively (Ni, J. Magn. Reson. 96:65 1-656, 1992). The mixing times were 100 and 
200 ms at 800 MHz for NOESY experiments and 71.28ms for TOCSY experiments with 
the TOWNY-16 mixing sequence (Kadkhodaei et al., J. Magn. Resort. ^4/05:104-107, 
1993). The mixing times were 150 and 250 ms at 500 MHz for NOESY experiments and 

15 70 ms for TOCSY experiments with the TOWNY-1 6 mixing sequence (Kadkhodaei et al., 
J. Magn. Reson. ,4705:104-107, 1993). Typically, the FID data were acquired with 2048 
data points for each FID with 256 and 512 tl-increments with the 800 MHz instrument 
and 512 and 1024 tl-increments with the 500 MHz instrument. All NMR data were 
processed using spectrometer software. Baseline corrections were applied to the NOESY, 

20 ROESY and TOCSY spectra using the standard Bruker polynomial method. 

The sequence- specific assignments of the proton resonances were 
accomplished by use of standard methods (see Wuthrich, NMR of Proteins and Nucleic 
Acids, Wiley & Sons, New York, 1986). That is, each spin system was identified by 
COSY and TOCSY NMR data and then these identified spin systems were sequentially 

25 assigned based on the NOE connectivities. All of the spin systems were observed in the 
NH region of the TOCSY spectrum with a mixing time of 70 ms (500MHz TOCSY 
experiment) or 71.28 ms (800MHz TOCSY experiment). Spectral assignment was 
carried out by a combination of TOCSY and NOESY spectra starting from the 
resonance signals of valine and alanine. The spin systems of the valine and alanine 

30 residues were assigned based on the presence of strong NOEs between the NH protons 
of these amino acids to their corresponding side chain (i.e., Cp-methyl of alanine and 
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Cp and Cy of valine) and from the TOCSY spectra. The proton chemical shifts were 
obtained from the TOCSY spectra. 

The 3 JCaNH coupling constants were calculated using the method of 
Kim and Prestegard (J. Magn. Reson. SP:9-13, 1989) in which the anti-phase COSY 
5 patterns were produced by an Fl-inphase COSY experiment. The COSY and TOCSY 
spectra were extended by linear prediction from 256 to 512 points in the tl dimension 
and zero-filling on two dimensions to obtain a final spectrum with a size of 32k (F2) by 
IK (Fl). For each cross peak, several (typically 5-10) traces along Fl were co-added to 
reduce noise prior to fitting, which was possible as a result of the in-phase absorption 

10 pattern of the cross peaks along the Fl dimension in the Fl in-phase COSY spectra. In 
the fitting procedure, spectrum A was generated by convoluting the COSY-type anti- 
phase absorption peaks with an in-phase stick doublet of separation Jtrial. Spectrum B 
was produced by convoluting the corresponding TOCSY multiplet with an anti-phase 
stick doublet of the same interval. The RMS value of the difference between spectrum 

15 A and B is minimum when Jtrial = 3 JCotNH. 

For the conformational calculations of N-Ac -CHAVC -NH^ (SEQ ED 
NO: 10), N-Ac -CHAVC -Y-NH 2 (SEQ ID NO:81) and N-Ac -CHAVDC -NFk (SEQ ID 
NO:20), the NOE cross peaks were characterized as strong, medium or weak as determined 
from the number of contours and converted to distance upper bounds of 2.7, 3.7 and 5.0 

20 angstroms respectively However, a uniform distance upper and lower bounds of 1.8-5.0 
angstroms regardless of the NOE intensities was used in the initial structural calculations. 
For N-Ac-CSHAVC-NH 2 (SEQ ID NO:36), the intensity of the crosspeak was estimated 
by integrating the crosspeak volume. In this case, the uniform distance upper and lower 
bounds of 1.8-5.0 angstroms was maintained in all calculations and a ± 5% range was 

25 assigned to each crosspeak volumes and used in the initial structural calculations. The 
NOE distances were refined iteratively through a comparison of computed and 
experimental NOEs at the various mixing times. This was performed in a manner similar to 
the PEPFLEX-II procedure (Wang et al., Techniques in Protein Chemistry IV, 1993, 
Evaluation of NMR Based Structure Determination for Flexible Peptides: Application to 

30 Desmopressin p. 569), except that initial NOE-based distances with very loose upper 
bounds (5 angstroms) were used to guarantee the generation of a more complete set of 
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conformations in agreement with experimental data. In the structure calculations for N-Ao 
CSHAVC -NHk (SEQ ID NO:36), the refinement was achieved using both distance 
constraints and via automated NOE intensity comparison. Dihedral-angle constraints were 
derived from the values of the 3 JCaH coupling constants. A tolerance value of 40 degrees 
5 was added to each of the dihedral angle constraints to account for the conformational 
flexibility of the peptide. Distance geometry calculations were carried out using fixed bond 
lengths and bond angles provided in the ECEPP/2 database (Ni et al., Biochemistry 
37:11551-11557, 1989). The ©-angles were fixed at 180 degrees, but all other dihedral 
angles were varied during structure optimization. Structures with the lowest constraint 

10 violations were subjected to energy minimization using a distance-restrained Monte Carlo 
method (Ripoll and Ni, Biopolymers 32:359-365, 1992; Ni, J, Magn. Resort. 5705:147-155, 
1995), and modified to include the ECEPP/3 force field (Ni et al., J. Mol Biol 252:656- 
671, 1995). All ionizable groups were treated as charged during constrained Monte Carlo 
minimization of the ECEPP/3 energy. Electrostatic interactions among all charges were 

15 screened by use of a distance-dependent dielectric to account for the absence of solvent 
effects in conformational energy calculations. In addition, hydrogen-bonding interactions 
were reduced to 25% of the full scale while van der Waals and electrostatic terms were kept 
to full strengths. These special treatments help to ensure that the conformational search was 
guided primarily by the experimental NMR constraints and that the computed 

20 conformations were less biased by the empirical conformational energy parameters (Warder 
&&,FEBSLett. 411 19-26, 1997). 

Low-energy conformations of the peptide from Monte Carlo calculations 
were used in NOE simulations to identify proximate protons with no observable NOEs 
and sets of distance upper bounds that warrant recalibration. The refined set of NOE 

25 distances including distance lower bounds derived from absent NOEs were used in the 
next cycles of Monte Carlo calculations until the resulting conformations produced 
simulated NOE spectra close to those observed experimentally (Ning et al., 
Biopolymers 34:1125-1137, 1994; Ni et al., J. Mol Biol. 252:656-671, 1995). 
Theoretical NOE spectra were calculated using a methyl group correlation time of 25.0 

30 ps and an overall correlation time of 1000.0 ps based on the molecular weight of the 
peptide and the experimental temperature (Cantor and Schimmel, Biophysical 
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Chemistry, W. H. Freeman & Co., San Francisco, 1980). All candidate peptide 
conformations were included with equal weights in an ensemble-averaged relaxation 
matrix analysis of interconverting conformations (Ni and Zhu, 7. Magn. Resort. 
BJ02: 1 80- 1 84, 1 994). NOE simulations also incorporated parameters to account for the 
5 effects of incomplete relaxation decay of the proton demagnitizations (Ning et aL, 
Biopolymers 34:1125-1137, 1994). The computed NOE intensities were converted to 
the two-dimensional FID's (Ni, X Magn. Resort. 5705:147-155, 1995) by use of an in- 
house program, GFIDSJ, using the chemical shift assignments, estimated linewidths 
and coupling constants for all resolved proton resonances. The program GFIDSJ 
10 converts the computed NOE intensities to the two-dimensional theoretical FIDs by 
inclusion of resonance splitting and peak intensities in lineshape calculation. The NMR 
parameters such as lineshape function, spectral width and proton assignments were 
supplied to the program. Two-dimensional processing of the data converted the 
theoretical FIDs to NOESY spectra. The following window functions were used: 
15 shifted 90 degrees sine square along F2 and Kaiser window along Fl. Water 
suppression and baseline correction were not necessary. Calculated FIDs were 
converted to simulated NOESY spectra using identical processing procedures as used 
for the experimental NOE data sets. 

These experiments allowed the determination of the 3-D conformation of 
20 N-Ac-CHAVC-NH 2 (SEQ ID NO: 10). The high resolution molecular map of the 
pharmacophore of N-Ac-CH^/C-NH 2 (SEQ ID NO: 10) is shown in Figures 7A-7C. 
There are three low energy conformations, which are all depicted in Figures 7A-7C 
(Structure 1, Structure 2 and Structure 3). The co-ordinates for these three low energy 
conformations are given in Appendix 1. 
25 NMR data collected in a similar manner for N-Ac-CHGVC-NH? (SEQ 

ID NO: 11) indicated that there was too much conformational freedom to be able to 
determine a preferred 3-D structure. 

The above process with the exceptions noted above was repeated for N- 
Ac-CHAVC-Y-NH 2 (SEQ ID NO:81), N-Ac-CHAVDC-NH 2 (SEQ ID NO:20) and N- 
30 Ac-CSHAVC-NH 2 (SEQ ID NO:36). The high resolution molecular map of the 
pharmacophore of N- Ac -CH AVC - Y-NH 7 (SEQ ID NO:81) is shown in Figures 9A-9D, 
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each of which depicts one of the four low energy conformations. The co-ordinates for 
these four low energy conformations are given in Appendix 2. The high resolution 
molecular map of the pharmacophore of N-Ac-CHAVDC-NHo (SEQ ID NO:20) is 
shown in Figures 20A-20D, each of which depicts one of the four low energy 
5 conformations. The co-ordinates for these low energy conformations are given in 
Appendix 3. The high resolution molecular map of the pharmacophore of N-Ac- 
CSHAVC -NH 2 (SEQ ID NO:) is shown in Figures 32A-32B, each of which depicts one 
of the low energy conformations. The co-ordinates for these low energy conformations 
are given in Appendix 4. 

10 

EXAMPLE 3 
Identificat ion of Peptidomimetics 

This Example illustrates the use of cyclic peptide pharmacophores to 
identify peptidomimetics. 

15 Certain peptidomimetics were identified based on a visual inspection of 

the N-Ac-CHAVC-NH 2 (SEQ ID NO: 10) pharmacophore. From Figures 8 A and 8B 
(which compare the that the N-Ac -CHAVC -NH, (SEQ ID NO: 10) pharmacophore with 
the x-ray crystal structure of the HAV sequence in N-cadherin), it is apparent that the 
hydrophobic valine could be replaced with unnatural amino acids carrying bulky 

20 groups, such as that found in compound 1 (Figure 11). This is expected to restrict 
rotation of the amide bonds, and possibly eliminate the need for cyclization. 
Alternatively the hydrophobic valine residue can be incorporated into a cyclic rigid 
structure such as that found in compounds 2 and 3 (Figure 11). 

25 EXAMPLE 4 

Identification of Further Peptidomimetics 

This Example illustrates the identification of peptidomimetics by 
comparing the three-dimensional structure of a candidate compound with a cyclic 
peptide pharmacophore. 
30 The analysis of the solution conformation of N-Ac-CHAV£-NH 2 

indicated that a suitable peptidomimetic could be designed based on the cyclization 
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shown in Figure 12 A. Compound 4 was designed and its low energy conformation 
determined using the CHARMM molecular mechanics and molecular dynamics program. 
The TIP3P water model was used to represent water molecules. Superimposition of the 
low energy conformation of compound 4 and N-Ac-CHA\^-NH 2 (Figure 12C; SEQ ID 
5 NO: 1 0) indicates that there is a good overlap between the crucial binding elements in the 
peptidomimetic and N- Ac-CTLWC-NH 2 (SEQ ID NO: 10). 

EXAMPLE 5 
Identification of Non-Peptidyl Peptidomimetics 

10 This Example illustrates the identification of non-peptidyl 

peptidomimetics by comparing the three-dimensional structures of databases of 
candidate compounds with a cyclic peptide pharmacophore. 

Within the database searches, the first three pharmacophore models used 
were the three three-dimensional structures of N-Ac-CHAVC-NH 2 (SEQ ID NO: 10), 
15 shown in Figures 7A-7C, as determined from its solution structure. 

A total of five pharmacophore queries were derived from these three- 
dimensional structures (see Figures 14B and 14C). Two databases were searched. The 
National Cancer Institute (NCI) 3D-database contains nearly half a million compounds 
that have been tested for activity against various forms of cancer. Three-dimensional 
20 structures were generated for each compound in this database using molecular 
modelling. The NCI database was converted to a 3D-database using the program 
CONCORD (RS Pearlman, Chem. Des. Auto. News 2:1-6, 1987) and Chem-X. 
Initially, 2D coordinates of each compound in the database were converted using 
CONCORD into 3D coordinates. It is of note that only a single conformation was 
25 generated for each compound using the CONCORD program. The resulting 3D 
structures were used to generate a 3D-database using the database-building module 
within the Chem-X program, and multiple conformations were generated and stored in 
the database (Milne et al., J. Chem. Inf. CompuL Sci. 34:1219-1224, 1994). 

The second database used was the Available Chemical Database (ACD), 
30 which contained 255,153 unique chemicals from 543 supplier catalogues, including 
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abou, 50,000 compounds which „ ^ dmgs ^ ^ ^ ^ ^ 
converted iu,o 3-D confirmations for searching using ,he Chem-X p rograal . 

The Chem-X program, running on a Silicon Graphics I„digo2 RI0000 
was used * cany ou, 3D-da,abase pharmacophore searching. A maximum of 3 mill™ 
conformauonsforasingie compound were searched. Searching was carried ou, on bo,h 
NCI and ACD databases There were no significan, stmctural overlaps ^ ^ 
databases. The actual pharmacophore search involved 3 step, The firs, step was 
dtatance hi, screening, which determined whether pair-wise disunce consents 
specfied ,„ me pharmacophore were me,, usmg me di SB „ce information s ,oreu in ,he 
, ree-drmensional database. After a compound passed ,he d,s,ance hi, screening s,ep 
-e program nex, checxeo whemer me compound meets me subdural requirement 
as specfied ,n me pharmacophore query ,„ m step , M ^ ^ 

model were retired ,o be me,. After a compound passed mis subdural check> k 
was finaUy subjected ,o conformational analysis. ,„ this s,ep, conformations were 
g enera,ed and evalua,ed wnh regard ,o geometric recrements specified in me 
Pharmacophore q uery. Compounds tira, had a, leas, one conformation satisfying the 
geome,ric requirement were considered 'hits- and were recorded in a resul, da«abase 
Approx.ma,e,y five mousand compounds me, me requirements of ,he pharmacophore 
models A number of additions, crileria were used in me seiection of me compounds 
for b,o.og,c„ evaluation auch as simple chemical stifctirre, small m ol ecu>ar weigh, 

liZS CheraiCa ' ~ diVerS " y ™* Applying .hese 

Uma, 269 compounds were sdected as potentia. cadherin inhibit (Figures ,5A- 
IMKj; compounds 13-282). 

23 d Hfr ^^^^^^^-"ett-epharma^ queries 
denved from «he three-dimensiona, snuaures for N-Ac^VC-Y-NH, (SEQ ID NOg.) 
(see F,gure 16). This search identified compounds 283-3 1 1 (Figures 1 7A-1 7S). 

A similar da,abase search was performed using tire pharmacophore 
quer.es : denved from ,he ,hre,dimensio„a, stipes for N-Ac^C-NH, (SEQ JO 

iNU: 10) as illustrated in Figures 14R anH i/ir tu- 

lgures 14B and 14 C Th,s search identified compounds 345- 

30 464 (Figures 21-23). 
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A simi to database search was performed usiog the pharmacophore 
queries (Figure 28) derived from me three-ditnensiona. structures for N-Ac-ffl^-V- 
NH, (SEQ ID NO:Sl). This search identified compounds 465-481 (Ftgure 29). 

1 ( Q A J. database search was performed using the P*— ^ 
, (Figure 30) derived from the three-dimensional stores for N-Ac-Oi^-NHr 
fs^IDNO:20). Thissearchide«ifiedcompounds482-593(F,gures31A.31A.). 

EXAMPLE 6 
rn - rrt - afjgjfliiaininiaiig "n Neurit* Oowowib 

0 This Example illustrates the effect selected non-peptidyl cadherm 

antagonists on neurite outgrowth. 

Cell culture and neurite outgrowth assays. Co-cultures of cerebellar 
ueurons on monolayers of control 3T3 cells and monolayers of transfected 3T3 cefls 
« express physiological levels of chick N-cadberin or human U were esta U*e a, 
„ previously described (Williams er a... Neuron ,3:583-594, ,994, .» bnef. 80,000 3T3 
Lus (control and transfected) were plate, into individual chambers of an erg^am^ 
ussue culture sfide coared with poly.ysine and fibronectin and cultured m DMEM/10/o 
PCS After 24 hours, when confluent monolayers had formed, the medium was 
re moved and 3000 cerebellar neurons isolated from post-nata. day 2-3 rats were plnte 
20 into each well in SATO media (Doner* et .... Nature 343:464-46 , « 
supplemented with 2% FCS. All of the test peptides were added immediately before 
J neurons as a 2X stock prepared in SATO / 2% FCS. The co-cultures w«e 
maintained for .6-,8 hours, « which time they were fixed and immunostatned for 
GAP-43 which is present only in the neurons and delineates the neuritic processes. 
25 The mean length of the longest neurite per cel. was measured for .50-200 n^rons 
sampled in replicate cultures as previously described (Williams e, a.., Neuron 73.583- 
594 ,994) The percentage inhibition of neurite outgrowth at various pepnde 
concentrations was calculated as the avetage of a, leas, three independent experiments. 
Dose-response curves were evaluated and the ECso values determined. 

All compounds tested are available commercially from Bionet Research 
Ud (Cornwall, UK), Aldrich Chemical Co. Inc (Milwaukee, WT> or Ryan Scientific 
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Inc. (Isle of Palms, SC). They were dissolved in DMSO at a concentration of 25mg/mL 
and diluted with media to carry out the assay. 

Effects of Peptidomimetics on N-cadherin function. The ability of certain 
of the non-peptidyl cadherin antagonists shown in Figures 11, 13, 15A-15BQ 17A-17J, 
5 18A-18E and 19A-19E to inhibit neurite outgrowth was tested as described above. As 
can be seen in Table 2, these compounds are effective modulators of N-cadherin function. 



Table 2 

Percent Inhibition of Neurite Outgrowth by Representative Peptidomimetics 

10 





Percent Inhibition of Neurite Outgrowth 


Compound No. 


At 0 .4 ug/mL 


At 2 ug/mL 


At 10 ug/mL 


59 


95.6 






65 


85.5 






181 


61.8 






13 


52.4 


70.0 




25 


35.0 


95.3 




70 


25.4 


55.0 




109 




60.9 




66 


15.9 


84.4 




30 




58.3 




184 




51.8 




47 




15.2 


101.0 


35 




13.1 


90.2 


31 




34.3 


61.6 


176 




33.7 


64.2 



EXAMPLE 7 

Use of Representative Peptidomimetics to Decrease Electrical Resistance 

Across MDCK Cells 

15 This example illustrates the use of representative peptidomimetics to 

disrupt adhesion of MDCK cells as measured by a decrease in the electrical resistance 
across the monolayer. 
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Madin Darby canine kidney (MDCK) cells were plated in Millicells 
(Millipore, Bedford, MA), at a density of 300,000 cells per Millicell, and cultured in 
Dulbecco's Modified Eagle Medium (DMEM; Sigma, St. Louis, MO) containing 5% 
fetal calf serum (Sigma, St. Louis, MO) until monolayers formed. Monolayers were 
5 exposed to the modulating agent dissolved in medium. The electrical resistance was 
measured using the EVOM device (World Precision Instruments, Sarasota, FL). At the 
time of measurement, fresh medium, with or without the modulating agent, may be 
added to the Millicells. 

Table 3 provides the approximate ED50 values for which various 
10 peptidomimetics were able to abolish electrical resistance across MDCK cell 
monolayers cultured for 18 hours in medium containing the various peptidomimetics. 
These results demonstrate the ability of peptidomimetics to inhibit the formation of 
tight junctions in epithelial cells. 

15 Table 3 

Effects of Peptidomimetics on Electrical Resistance across MDCK Cell Monolayer 



Compound Number 


ED 50 (|J.g/ml) 


76 


4-8 


84 


10 


102 


10 


101 


10-40 


103 


10-40 


65 


40 


82 


50-100 


86 


50-100 


87 


50-100 


i 184 


80-100 



From the foregoing, it will be evident that although specific 
20 embodiments of the invention have been described herein for the purpose of illustrating 
the invention, various modifications may be made without deviating from the spirit and 
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scope of the invention. Accordingly, the present invention is not limited except as by 
the appended claims. 

EXAMPLE 8 

5 Identification of Thio ether Analogues of N-Ac-CHAVC-NH , 

This Example illustrates the identification of three thioether analogues 
(Figures 24A-24C) of N-Ac -CHAVC -NH 2 (SEQ ID NO: 10), designed by comparing 
the three-dimensional NMR structures of N-Ac -CHAVC -NH, (SEQ ID NO: 10) with 
the modeled 3D conformations of the thioethers. 
10 Modeling studies were used to predict the conformations of potential 

thioether analogues of N-Ac-CHAVC-NH 2 (SEQ ID NO: 10). All the molecular 
modeling studies were carried out using the QUANTA molecular modeling package and 
its associated molecular mechanics program CHARMM (Brooks, B. R.; Bruccoleri, R_ 
E; Olafson, B. D ; States, D. J.; Swaminathan, S.; Karplus, M. CHARMM: A program 
15 for macromolecular energy minimization and dynamics calculations. J. Comput. Chem. 
1983, 4, 187-217), running on an SGI workstation with IR1X6.5. 

The initial structures of the thioethers were built using the Sequence 
Builder module within the QUANTA package. Each structure was then energy 
minimized. An adopted-basis Newton-Raphson alogorithm, implemented in the 
20 CHARMM program, was used in the energy minimization. Energy was minimized for 
5000 steps, or until convergence, defined as an energy gradient tolerance of 0.001 kcal 
mol" 1 A" 1 or less. A constant dielectric was used throughout the calculation and set to 
either 1 to mimic the vacuum environment or 80 to mimic the water environment, 
respectively. The non-bonded cutoff distance was set to 14.0 A. A shifted smoothing 
25 function was used for the van der Waals interaction and a switch function for the 
electrostatic energy. 

To properly sample the conformational space of these compounds, high- 
temperature (HT) molecular dynamics (MD) simulation was used. In the MD 
simulation, the system was heated to 1000K in a period of 10 ps and equilibrated for 
30 lOps at 1000K. Finally, a constant temperature dynamics simulation was performed for 
10,000 ps at 1000K with a time step of 0.001 ps. The simulation trajectory was recorded 
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every 1000 steps during the final 1000 ps simulations and a total of 1000 conformers 
were recorded. A SHAKE algorithm was used to constrain bonds to hydrogen. 

For each MD simulation, each of these 1000 conformers was energy- 
minimized. These energy-minimized conformers were clustered by calculating the pair- 
5 wise RMS differences between structures using a least square-fitting algorithm as 
implemented in the conformational analysis module in the QUANTA program. The 
conformer with the lowest energy within each cluster was selected to represent the 
conformational cluster and used to compare its molecular similarities with the 
experimental NMR structures as seen in Figures 7A-7C. 
10 in order to validate our modeling technique, molecular modeling was 

used to predict the low energy 3D conformations of N-Ac-£HAY£-NH 2 (SEQ ID 
NO: 10) The calculated conformations were then compared to the solution 3D 
conformations of N-Ac-£HAV£-NH 2 (SEQ ID NO: 10) obtained using the NMR 
techniques described above. Two different criteria were used to cluster the conformers. 
15 Either a RMS deviation of 2.0 A for all heavy atom pairs was set as the criterion for 
clustering the conformers or a RMS deviation of 1.5 A for all heavy atoms in the HAV 
sequence was set as the criterion for clustering the conformers. In each cluster, the 
lowest-energy conformer was selected to represent the cluster. The potential energy 
values as well as the energy difference between the corresponding conformer and the 
20 lowest-energy conformer (global minimum) of all the conformers was calculated using 

the CHARMM program. 

A total of 4 different groups of conformers were obtained for N-Ac- 
CHAVC-NHz (SEQ ID NO: 10) due to both the use of two dielectric constants and the 
two different clustering criteria. These are given in Tables 4a-4d respectively. 



25 
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Table 4a 



Conformer group A of modeled N-Ac-CHAVC-NH-. 


No 


Conformers 


E (kcal mol 1 ) 


AE (kcal mol 1 ) 


1 


124 


-186.68 


10.32 


2 


163 


-185.06 


11.94 


3 


171 


-197.00 


.00 


4 


198 


-187.46 


9.54 


5 


27 


-178.68 


18.32 


6 


309 


-184.39 


12.61 


7 


510 


-185.12 


11.88 


8 


616 


-193.92 


3.08 


9 


765 


-191.89 


5.11 


10 


786 


-189.66 


7.34 


11 


792 


-188.74 


8.26 


12 


917 


-186.63 


10.37 



Conformers in this table were energy-minimized using a dielectric 
constant of 1, and clustered by calculating all pair-wise RMS 
differences among structures using least square fitting of all heavy 
atoms in the molecules. The criterion to cluster the conformers was set 
to be 2.0 A for the RMS value. In each cluster, the lowest-energy 
conformer was selected to represent the cluster. The numbers in the 
second column were the serial number of the conformer in the cluster. 
Their potential energy values as calculated using the CHARMM 
program were listed in the 3rd column. AE was calculated as the 
energy difference between the corresponding conformer and the 
lowest-energy conformer (global minimum) of all the conformers. 

Table 4b 

Conformer group B of modeled N-Ac- CHAVC -NH? 



No Conformers E (kcal mol 1 ) AE (kcal mol" 1 ) 



1 


171 


-197.00 


.00 


2 


196 


-192.63 


4.37 


3 


261 


-181.65 


15.35 


4 


296 


-191.68 


5.32 


5 


299 


-184.24 


12.76 
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Table 4b 

Conformer group B of modeled N-Ac-CHAVC-NH ? 



No 


Conformers 


E (kcal mor 1 ) 


AE (kcal mor 1 ) 


6 


333 


-187.94 


9.06 


7 


351 


-184.56 


12.44 


8 


480 


-190.07 


6.93 


9 


596 


-180.44 


16.56 


10 


62 


-188.86 


8.14 


11 


68 


-178.94 


18.06 


12 


73 


-181.35 


15.65 


13 


754 


-185.70 


11.30 


14 


786 


-189.66 


7.34 


15 


82 


-180.40 


16.60 


16 


916 


-176.08 


20.92 



Conformers in this table were energy-minimized using a dielectric 
constant of 1, and clustered by calculating all pair- wise RMS 
differences among structures using least square fitting of all heavy 
atoms in the HAV sequence of the molecules. The criterion to 
cluster the conformers was set to be 1.5 A for the RMS value. In 
each cluster, the lowest-energy conformer was selected to represent 
the cluster. The numbers in the second column were the serial 
number of the conformer in the cluster. Their potential energy 
values as calculated using the CHARMM program were listed in 
the 3rd column. AE was calculated as the energy difference 
between the corresponding conformer and the lowest-energy 
conformer (global minimum) of all the conformers. 

Table 4c 

Conformer group C of modeled N-Ac -CHAVC -NH? 



No Conformers E (kcal mol" 1 ) AE (kcal mol' 1 ) 

1 168 -15.52 .00 

2 196 .14.34 1.18 

3 301 -10.00 5.52 

4 311 -10.24 5.28 

5 331 -12.43 3.09 
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Table 4c 



No 


Conformers 


£(kcal mor 1 ) 


^(kcalmol 1 ) 


6 


389 


-9.25 


6.27 


7 


404 


-8.93 


6.59 


8 


423 


-12.32 


3.20 


9 


617 


-14.48 


1.04 


10 


739 


-13.46 


2.06 



O-/ ••li^iiivu uatug a UldtCllIl* 

constant of 80, and clustered by calculating all pair-wise RMS 
differences among structures using least square fitting of all heavy 
atoms in the molecules. The criterion to cluster the conformers was 
set to be 2.0 A for the RMS value. In each cluster, the lowest-energy 
conformer was selected to represent the cluster. The numbers in the 
second column were the serial number of the conformer in the 
cluster. Their potential energy values as calculated using the 
CHARMM program were listed in the 3rd column. AE was 
calculated as the energy difference between the corresponding 
conformer and the lowest-energy conformer (global minimum) of all 
the conformers. 



Table 4d 

Conformer group D of modeled N-Ac -CHAVC -NH 7 



No 


Conformers 


£(kcal mor 1 ) 


AE (kcal mor') 


1 


13 


-12.14 


3.38 


2 


166 


-10.63 


4.89 


3 


168 


-15.52 


.00 


4 


196 


-14.34 


1.18 


5 


331 


-12.43 


3.09 


6 


344 


-12.34 


3.18 


7 


42 


-12.86 


2.66 


8 


475 


-14.36 


1.16 


9 


617 


-14.48 


1.04 


10 


868 


-13.33 


2.19 


11 


887 


-10.54 


4.98 
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Table 4d 

Conformer group D of modeled N-Ac- CBAVC-NIfr 

No Conformers E (kcal mol 1 ) AE (kcal mol' 1 ) 

12 ~~ 979 -13.86 1 66 

13 99 -6.04 9.48 



Conformers in this table were energy-minimized using a dielectric 
constant of 80, and clustered by calculating all pair-wise RMS 
differences among structures using least square fitting of all heavy 
atoms in the HAV sequence of the molecules. The criterion to cluster 
the conformers was set to be 1.5 A for the RMS value. In each 
cluster, the lowest-energy conformer was selected to represent the 
cluster. The numbers in the second column were the serial number of 
the conformer in the cluster. Their potential energy values as 
calculated using the CHARMM program were listed in the 3rd 
column. AE was calculated as the energy difference between the 
corresponding conformer and the lowest-energy conformer (global 
minimum) of all the conformers. 

In Table 4e, the CHARMM energies of the 3 NMR solution 
conformations of N- Ac-£HAVC-NH 2 (SEQ ID NO:10) are provided. Energies of the 
three NMR structures of N-Ac-CHAV£-NH 2 (SEQ ID NO.10) were first calculated 

5 directly without minimization and them with energy minimization. Again both 
dielectric constants of 1 (to represent a vacuum) and 80 (to represent a water 
environment) were used. As can be seen, the 3 NMR solution structures have large 
energy differences. This is likely due to a difference in the force field used in the NMR 
structure calculations and the CHARMM force field. After minimization the 3 

10 structures have similar energies. 
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Table 4e 

Energies of the NMR conformers of N-Ac-CHA^C-NH 2 (kcal mol* 1 ) 



NMR 


As Is 




Minimized 


solution 










structure 


e=80 


£=1 


£ = 80 


£=1 


1 


15.36 


-138.63 


-11.26 


-184.27 


2 


9.99 


-143.31 


-11.51 


-179.83 


3 


44.74 


-117.62 


-13.08 


-185.80 



Energies of three NMR structures of N-Ac-CHAVC-NH 2 (SEQ ID 
NO: 10) were first calculated, as is, then minimized using CHARMM 
program. A dielectric constant (£) was used throughout the 
calculation and set to either 1 to mimic the vacuum environment or 
80 to mimic the water environment. 



The conformers listed in Table 4a-d were compared to the NMR solution 
structures of N-Ac -CHAVC -NHo (SEQ ID NO: 10) and the results summarized in 
Tables 5a-d. 



Table 5 a 

Comparison between modeled (group A) and NMR structures 
for N-Ac- CHAVC -NH, (SEQ ID NO: 10). 



No 


NMR Structure 1 


NMR Structure 2 


NMR Structure 3 


RMS 


E 


AE 


RMS 


E 


AE 


RMS 


E 


AE 


1 


2.10 


-197.00 


.00 


2.46 


-187.46 


9.54 


2.07 


-193.92 


3.08 


2 


2.33 


-178.68 


18.32 


2.46 


-178.68 


18.32 


2.18 


-184.39 


12.61 


3 


2.35 


-193.92 


3.08 


2.52 


-197.00 


.00 


2.33 


-178.68 


18.32 


4 


2.37 


-184.39 


12.61 


2.55 


-188.74 


8.26 


2.41 


-187.46 


9.54 


5 


2.43 


-187.46 


9.54 


2.59 


-193.92 


3.08 


2.48 


-197.00 


.00 


6 


2.53 


-185.12 


11.88 


2.62 


-189.66 


7.34 


2.59 


-191.89 


5.11 


7 


2.57 


-189.66 


7.34 


2.72 


-184.39 


12.61 


2.96 


-189.66 


7.34 


8 


2.59 


-191.89 


5.11 


2.73 


-191.89 


5.11 


3.05 


-188.74 


8.26 


9 


2.62 


-186.68 


10.32 


2.74 


-185.12 


11.88 


3.07 


-186.68 


10.32 


10 


2.68 


-188.74 


8.26 


2.85 


-186.68 


10.32 


3.10 


-185.12 


11.88 


11 


3.17 


-186.63 


10.37 


2.86 


-186.63 


10.37 


3.29 


-186.63 


10.37 


12 


3.38 


-185.06 


11.94 


3.10 


-185.06 


11.94 


3.36 


-185.06 


11.94 
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Conformers in this table were compared to the different NMR solution 
structures of N-Ac-CHAVC-NH 2 (SEQ ID NO: 10) RMS values were obtained by 
comparing all heavy atoms in the molecules using least square fitting. The potential 
energy values of each conformer (E) and the energy difference (AE) between the 
5 corresponding conformer and the lowest-energy conformer (global minimum) of all the 
conformers were also listed in the table. 



Table 5b 

Comparison between modeled (group B) and NMR structures 
for N-Ac- CHAVC -NH? (SEQ ID NO: 10). 





NMR Structure 1 


NMR Structure 2 


NMR Structure 3 


No 


RMS 


E 


AE 


RMS 


E 


AE 


RMS 


E 


AE 


1 


1.34 


-181.65 


15.35 


1.45 


-184.24 


12.76 


1.35 


-188.86 


8.14 


2 


1.56 


-187.94 


9.06 


1.74 


-184.56 


12.44 


1.44 


-181.65 


15.35 


3 


1.61 


-188.86 


. 8.14 


1.84 


-181.65 


15.35 


1.44 


-187.94 


9.06 


4 


1.64 


-184.24 


12.76 


1.86 


-187.94 


9.06 


1.48 


-197.00 


.00 


5 


1.65 


-197.00 


.00 


1.90 


-197.00 


.00 


1.68 


-184.56 


12.44 


6 


1.71 


-184.56 


12.44 


1.91 


-192.63 


4.37 


2.00 


-190.07 


6.93 


7 


1.85 


-190.07 


6.93 


1.98 


-180.40 


16.60 


2.30 


-184.24 


12.76 


8 


2.20 


-185.70 


11.30 


2.07 


-190.07 


6.93 


2.45 


-185.70 


11.30 


9 


2.27 


-192.63 


4.37 


2.08 


-176.08 


20.92 


2.53 


-192.63 


4.37 


10 


2.28 


-180.44 


16.56 


2.13 


-188.86 


8.14 


2.61 


-181.35 


15.65 


11 


2.28 


-180.40 


16.60 


2.23 


-185.70 


11.30 


2.64 


-178.94 


18.06 


12 


2.35 


-189.66 


7.34 


2.29 


-191.68 


5.32 


2.65 


-180.44 


16.56 


13 


2.46 


-176.08 


20.92 


2.33 


-189.66 


7.34 


2.74 


-189.66 


7.34 


14 


2.53 


-191.68 


5.32 


2.37 


-180.44 


16.56 


2.81 


-191.68 


5.32 


15 


2.57 


-178.94 


18.06 


2.40 


-178.94 


18.06 


2.85 


-176.08 


20.92 


16 


2.69 


-181.35 


15.65 


2.62 


-181.35 


15.65 


2.88 


-180.40 


16.60 



Conformers in this table were compared to the different NMR solution 
structures of N-Ac -CHAVC -NH? (SEQ ID NO: 10) RMS values were obtained by 
comparing all heavy atoms in the HAV sequence in the molecules using least square 
15 fitting. The potential energy values of each conformer (£) and the energy difference 
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(AE) between the corresponding conformer and the lowest-energy conformer (global 
minimum) of all the conformers were also listed in the table. 



Table 5c 

Comparison between modeled (group C) and NMR structures 
for N-Ac -CHAVC -NH, (SEQ ID NO: 10). 



No 


NMR Structure 1 


NMR Structure 2 


NMR Structure 3 


RMS 


E 


AE 


RMS 


E 


AE 


RMS 


E 


AE 


1 


1.85 


-15.52 


.00 


1.93 


-13.46 


2.06 


2.15 


-15.52 


.00 


2 


2.08 


-13.46 


2.06 


2.35 


-15.52 


.00 


2.26 


-14.48 


1.04 


3 


2.32 


-12.43 


3.09 


2.58 


-14.34 


1.18 


2.35 


-12.43 


3.09 


4 


2.54 


-14.34 


1.18 


2.59 


-12.32 


3.20 


2.56 


-14.34 


1.18 


5 


2.54 


-14.48 


1.04 


2.66 


-14.48 


1.04 


2.80 


-13.46 


2.06 


6 


2.60 


-9.25 


6.27 


2.81 


-12.43 


3.09 


2.82 


-8.93 


6.59 


7 


2.77 


-12.32 


3.20 


2.89 


-10.00 


5.52 


3.03 


-9.25 


6.27 


8 


2.79 


-10.00 


5.52 


2.96 


-9.25 


6.27 


3.09 


. -10.24 


5.28 


9 


2.96 


-8.93 


6.59 


2.98 


-10.24 


5.28 


3.11 


-10.00 


5.52 


10 


3.12 


-10.24 


5.28 


3.03 


-8.93 


6.59 


3.36 


-12.32 


3.20 



Conformers in this table were compared to the different NMR solution structures of N- 
10 Ac -CHAVC -NH 2 (SEQ ID NO: 1 0) RMS values were obtained by comparing all heavy 
atoms in the molecules using least square fitting. The potential energy values of each 
conformer (£) and the energy difference (JE) between the corresponding conformer and 
the lowest-energy conformer (global minimum) of all the conformers were also listed in 
the table. 

15 

Table 5d 

Comparison between modeled (group D) and NMR structures 
for N-Ac- CHAVC -NH, (SEQ ID NO: 1 0). 





NMR Structure 1 


NMR Structure 2 


NMR Structure 3 


No 


RMS E AE 


RMS E AE 


RMS E AE 


1 


1.30 -15.52 .00 


1.07 -13.86 1.66 


1.12 -15.52 .00 
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NMR Structure 1 


NMR Structure 2 


NMR Structure 3 


No 


RMS 


E 


AE 


RMS 


E 


AE 


RMS 


rr 

h. 


i\r. 


2 


1.38 


-12.43 


3.09 


1.49 


-12.86 


2.66 


1.42 


-12.43 


3.09 


3 


1.47 


-14.36 


1.16 


1.50 


-14.36 


1.16 


1.84 


-14.34 


1.18 


4 


1.68 


-14.48 


1.04 


1.71 


-14.48 


1.04 


1.88 


-14.36 


1.16 


5 


1.78 


-13.86 


1.66 


1.75 


-12 .43 


3.09 


1.92 


-14.48 


1.04 


6 


1.87 


-12.86 


2.66 


1.81 


-10.54 


4.98 


1.99 


-12.86 


2.66 


7 


1.92 


-12.34 


3.18 


1.90 


-15.52 


.00 


2.36 


-12.34 


3.18 


8 


1.99 


-14.34 


1.18 


1.94 


-14.34 


1.18 


2.44 


-13.86 


1.66 


8 


2.21 


-10.54 


4.98 


1.96 


-12.34 


3.18 


2.51 


-10.54 


4.98 


10 


2.31 


-13.33 


2.19 


2.00 


-13.33 


2.19 


2.70 


-10.63 


4.89 


11 


2.37 


-10.63 


4.89 


2.02 


-10.63 


4.89 


2.78 


-12.14 


3.38 


12 


2.67 


-12.14 


3.38 


2.28 


-12.14 


3.38 


2.87 


-13.33 


2.19 


13 


2.71 


-6.04 


9.48 


2.31 


-6.04 


9.48 


3.12 


-6.04 


9.48 



Conformers in this table were compared to the different NMR solution 



structures of N-Ac- CHAVC -NH, (SEQ ID NO: 10) RMS values were obtained by 
comparing all heavy atoms in the HAV sequence in the molecules using least square 
fitting. The potential energy values of each conformer (E) and the energy difference 
5 (AE) between the corresponding conformer and the lowest-energy conformer (global 
minimum) of all the conformers were also listed in the table. 

As can be seen from Table 5a, the RMS values of the modeled structure 
with the lowest energy compared to the 3 NMR solution structures using all the heavy 

10 atoms in the structures are 2.10, 2.52, and 2.48 A, respectively. The lowest RMS values 
of the modeled structures compared to the 3 NMR solution structures are 2.10, 2.46, 
and 2.07 A, respectively. These results indicate that the modeled structures when using 
a dielectric constant of 1 during the minimization process have a reasonable agreement 
with the NMR solution structures for N-Ac-CHAVC-NH 2 (SEQ ID NO: 10). 

15 From our structure-activity relationship studies, it is known that the HAV 

residues in N-Ac- CHAVC -NH, (SEQ ID NO. 10) likely represent the most crucial 
binding elements. Therefore, it is probably more meaningful to compare the modeled 
structures with the NMR solution structures using the HAV residues only. As can be 
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seen from Table 5b, the RMS values of the modeled structure with the lowest energy 
compared to the 3 NMR solution structures using the heavy atoms in the HAV residues 
are 1.65, 1.90, and 1.48 A, respectively. The lowest RMS values of the modeled 
structures compared to the 3 NMR solution structures are 1.34, 1.45, and 1.35 A, 
5 respectively. These results indicate that the HAV residues of the modeled structures 
superimpose on the HAV residues of the NMR solution structures very well. 

A dielectric constant of 1 mimics the vacuum environment but the NMR 
structures of the peptide was determined in aqueous solution. To mimic the aqueous 
solution environment, a dielectric constant of 80 was used in energy-minimization. As 

10 can be seen from Table 5c, the RMS values of the modeled structure with the lowest 
energy compared to the 3 NMR solution structures using all the heavy atoms in the 
structures are 1.85, 2.35, and 2.15 A, respectively. The lowest RMS values of the 
modeled structures compared to the 3 NMR solution structures are 1.85, 1.93, and 2.15 
A, respectively. As compared to Table 5a, the modeled structures using a dielectric 

15 constant of 80 during minimization are overall more similar to the NMR solution 
structures than the modeled structures using a dielectric constant of 1 during 
minimization. As can be seen from Table 5d, the RMS values of the modeled structure 
with the lowest energy compared to the 3 NMR solution structures using the heavy 
atoms in the HAV residues are 1.30, 1.90, and 1.12 A, respectively. The lowest RMS 

20 values of the modeled structures compared to the 3 NMR solution structures are 1.30, 
1.07, and 1.12 A, respectively. These results showed that conformations of the HAV 
residues between modeled structures using a dielectric constant of 80 during 
minimization and the NMR solution structures are very similar. 

In summary, the modeled structures of N-Ac-CHAVC-NH 2 (SEQ ID 

25 NO: 10) are similar to the NMR solution structures and more similar structures were 
obtained when a dielectric constant of 80 was used in minimization. Therefore, for 
modeling of the thioether analogues a dielectric constant of 80 was employed for all the 
energy-min i mization s . 

Based on the modeling results obtained for N~Ac-CHAV£-NH 2 (SEQ ID 

30 NO: 10), it was believed that reasonably accurate solution structures of the thioethers 
depicted in Figures 24A-C (CH 2 COHAVC -NH? (SEQ ID NO:94) could be obtained 
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using a molecular modeling approach. The results should be more accurate when a 
dielectric constant of 80 is used in minimization. Therefore, using the same protocol 
(HTMD, minimization using a dielectric constant of 80, followed by cluster analysis), 
the conformations of 3 thioether analogs (Figures 24A-C) of N-Ac-CHAVC-NH 2 (SEQ 
5 ID NO: 10) have been studied in an effort to improve compound stability while still 
retaining the activity. 

All the heavy atoms in the HAV residues were used for the calculation of 
the pair-wise RMS value between two structures and the threshold value for the RMS 
used was set as 1.5 A. A total of 11 conformational clusters were obtained for 

10 CH 2 COHAVC -NH? (SEQ ID NO:94) The conformer number of each representative 
conformation for each cluster, the potential energy for each representative conformation, 
and the energy difference between each conformer and the conformer with the lowest 
energy are provided in Table 6. The results of structural comparison between these 1 1 
conformers for CH 2 COHAVC -NH? (SEQ ID NO:94) and N-Ac-CHAVC-NH 2 (SEQ ID 

15 NO: 10) are provided in Table 7. As can be seen, the RMS values between the conformer 
with the lowest energy and the 3 NMR solution structures of N-Ac-CH^WC-NH 2 (SEQ 
ID NO: 10) using all the heavy atoms in the HAV residues are 1.42, 1.89 and 1.26 A, 
respectively. The structure of the global minimum of CHbCOHAVC -NH? (SEQ ID 
NO:94) is shown in Figure 25a. The best RMS values between all the 1 1 conformers and 

20 the 3 NMR solution structures of N-Ac-CHAVC-NH 2 (SEQ ID NO: 10) using all the 
heavy atoms in the HAV residues are 1. 12, 0.85, 0.98 A, respectively. The structures with 
best RMS values are shown in Figure 25B and 25 C, respectively. It is of note that the 
conformers with best RMS values don't have much higher potential energies, all within 
2.0 kcal/mol from the global minimum. These results suggest that the structures of 

25 thioether CH2COHAVC-NH2 (SEQ ID NO:94) have reasonably good overlaps with the 3 
solution structures of N-Ac-CHATC-NH 2 (SEQ ID NO: 10) in terms of the conformation 
of the HAV residues and indicate that CH 2 COHAVC -NH> (SEQ ID NO:94) may be a 
good mimetic of N-Ac-CHAVC-NH 2 (SEQ ID NO: 10). 
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Table 6 ( 
Energies of the conformers of the thioether CHzCQE^C-NHa (kcal mol" ) 



No 


. Conformers 


E 


AE 


1 


50 


-5.38 


3.15 


2 


502 


-1.38 




3 


579 


-6.85 


1.68 


4 


594 


-7.86 


.67 


5 


768 


-7.80 


.73 


6 


78 


-8.53 


.00 


7 


793 


-5.00 


3.53 


8 


805 


0.75 


9.28 


9 


9 


-5.38 


3.15 


10 


908 


-3.78 


4.75 


11 


931 


-7.46 


1.07 



Conformers in this table were energy-minimized using a dielectric 



constant of 80, and clustered by calculating all pair-wise RMS differences among 
structures using least square fitting of all heavy atoms in the HAV sequence in the 
molecules. The criterion to cluster the conformers was set to be 1.5 A for the RMS value. 
5 In each cluster, the lowest-energy conformer was selected to represent the cluster. The 
numbers in the second column were the serial number of the conformer in the cluster. 
Their potential energy values as calculated using the CHARMM program were listed in 
the 3rd column. AE was calculated as the energy difference between the corresponding 
conformer and the lowest-energy conformer (global minimum) of all the conformers. 

10 

Table 7 

Comparison between modeled thioether CH ? COHAVC -NH 2 (SEQ ID NO:94) and 
NMR structures of N-Ac-CHAY£-NH 2 (SEQ ID NO: 10). 



No 


NMR Structure 1 


NMR Structure 2 


NMR Structure 3 


RMS 


£ 


AE 


RMS 


E 


AE 


RMS 


E 


AE 


1 


1.86 


-5.38 


3.15 


1.36 


-5.38 


3.15 


2.21 


-5.38 


3.15 


2 


2.43 


-1.38 


7.15 


2.11 


-1.38 


7.15 


2.42 


-1.38 


7.15 


3 


1.12 


-6.85 


1.68 


0.85 


-6.85 


1.68 


1.40 


-6.85 


1.68 


4 


1.25 


-7.86 


.67 


1.77 


-7.86 


.67 


0.98 


-7.86 


.67 


5 


1.50 


-7.80 


.73 


1.28 


-7.80 


.73 


1.67 


-7.80 


.73 


6 


1.42 


-8.53 


.00 


1.89 


-8.53 


.00 


1.26 


-8.53 


.00 


7 


2.50 


-5.00 


3.53 


2.17 


-5.00 


3.53 


2.80 


-5.00 


3.53 


8 


1.93 


0.75 


9.28 


1.53 


0.75 


9.28 


2.20 


0.75 


9.28 


9 


1.99 


-5.38 


3.15 


1.34 


-5.38 


3.15 


2.37 


-5.38 


3.15 


10 


1.52 


-3.78 


4.75 


1.39 


-3.78 


4.75 


1.75 


-3.78 


4.75 


11 


1.31 


-7.46 


1.07 


1.64 


-7.46 


1.07 


1.43 


-7.46 


1.07 
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Conformers in this table were compared to the different NMR solution 
structures of N-Ac -CHAVC -NB? (SEQ ID NO: 10) RMS values were obtained by 
comparing all heavy atoms in the HAV sequence in the molecules using least square 
fitting. The potential energy values of each conformer (£) and the energy difference 
5 (AE) between the corresponding conformer and the lowest-energy conformer (global 
minimum) of all the conformers were also listed in the table. 

For the second thioether analogue CH?COGHAVC -NB> (SEQ ID 
NO: 95), a total of 13 conformational clusters were obtained. The conformer number of 

10 each representative conformation for each cluster, the potential energy for each 
representative conformation, and the energy difference between each conformer and the 
conformer with the lowest energy are provided in Table 8. The results of structural 
comparison between these 13 conformers for CH^COGHAVC -NHo (SEQ ID NO:95) 
and N-Ac- CHAVC -NHo (SEQ ID NO: 10) are provided in Table 9. As can be seen, the 

15 RMS values between the conformer with the lowest energy and the 3 NMR solution 
structures of N-Ac- CHAVC -NH? (SEQ ID NO: 10) using all the heavy atoms in the 
HAV residues are 1.40, 1.85 and 1.18 A, respectively. The structure of the global 
minimum of CH2COGHAVC-NH2 (SEQ ID NO:95) is shown in Figure 26A. The best 
RMS values between all the 13 conformers and the 3 NMR solution structures of N-Ac- 

20 CHAVC-NH 2 (SEQ ID NO: 10) using all the heavy atoms in the HAV residues are 1 .21, 
0.95 and 0.95 A, respectively. The structures with best RMS values are shown in 
Figure 26B and 26C, respectively. These conformers with best RMS values don't have 
much higher potential energies, all within 4.0 kcal/mol from the global minimum 
These results suggest that the structures of thioether CH 2 COGHAVC -NHo (SEQ ID 

25 NO:95) also have reasonably good overlaps with the 3 solution structures of N-Ac- 
CHAVC-NH 2 (SEQ ID NO: 10) in terms of the conformation of the HAV residues and 
indicate that CH?COGHAVC -NHo (SEQ ID NO:95) may be a good mimetic of N-Ac- 
CHAVC-NH2 (SEQ ID NO: 10). 
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Table 8 , 
Energies of the conformers of the thioether CifcCOGHAVC-NH; (kcal mof ) 



No 


Conformers 


E 


AE 


1 
2 


1 


-11.51 


1.16 


132 


-12.67 


.00 


3 


229 


-10.91 


1.76 


4 


293 


-10.09 


2.58 


5 


31 


-10.21 


2.46 


6 


429 


-10.74 


1.93 


7 


506 


-10.41 


2.26 


8 


566 


-11.85 


.82 


9 


69 


-9.07 


3.60 


10 


699 


-9.44 


3.23 


11 


712 


-12.00 


.67 


12 


774 


-10.76 


1.91 


13 


976 


-10.66 


2.01 



10 



Conformers in this table were energy-minimized using a dielectric 
constant of 80, and clustered by calculating all pair-wise RMS differences among 
structures using least square fitting of all heavy atoms in the HAV sequence in the 
molecules. The criterion to cluster the conformers was set to be 1.5 A for the RMS value. 
In each cluster, the lowest-energy conformer was selected to represent the cluster. The 
numbers in the second column were the serial number of the conformer in the cluster. 
Their potential energy values as calculated using the CHARMM program were listed in 
the 3rd column. AE was calculated as the energy difference between the corresponding 
conformer and the lowest-energy conformer (global minimum) of all the conformers. 

Table 9 

Comparison between modeled thioether CH 2 COGHAVC-NH 2 (SEQ ID NO:95) and 



No 


NMR Structure 1 


NMR Structure 2 


NMR Structure 3 


RMS 


E 


AE 


RMS E 


AE 


RMS 


E AE 


1 


1.34 


-11.51 


1.16 


1.63 -11.51 


1.16 


0.95 


-11.51 1.16 


2 


1.40 


-12.67 


.00 


1.85 -12.67 


.00 


1.18 


-12.67 .00 


3 


2.38 


-10.91 


1.76 


2.14 -10.91 


1.76 


2.57 


-10.91 1.76 


4 


1.47 


-10.09 


2.58 


1.75 -10.09 


2.58 


1.21 


-10.09 2.58 


5 


1.46 


-10.21 


2.46 


1.92 -10.21 


2.46 


1.40 


-10.21 2.46 


6 


1.91 


-10.74 


1.93 


1.85 -10.74 


1.93 


2.19 


-10.74 1.93 


7 


1.92 


-10.41 


2.26 


1.52 -10.41 


2.26 


2.29 


-10.41 2.26 


8 


1.52 


-11.85 


.82 


| 1.05 -11.85 


.82 


1.74 


-11.85 .82 
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Table 9 

Comparison between modeled thioether CH,COGHAV(% NH ? (SEQ ID NO:95) and 
NMR structures of N- Ac- CH AVC -NH, (SEQ ID NO: 10). 



No 


NMR Structure 1 


NMR Structure 2 


NMR Structure 3 


RMS E AE 


RMS E AE 


RMS E AE 


9 
10 
11 
12 
13 


1 21 -9.07 3.60 
2.64 -9.44 3.23 
1.88 -12.00 .67 
1.79 -10.76 1.91 
2.02 -10.66 2.01 


0.95 -9.07 3.60 
2.31 -9.44 3.23 
1.35 -12.00 .67 
1.78 -10.76 1.91 
2.10 -10.66 2.01 


1.47 -9.07 3.60 
2.68 -9.44 3.23 
2.17 -12.00 .67 
2.07 -10.76 1.91 
2.39 -10.66 2.01 



Conformers in this table were compared to the different NMR solution 



structures of N-Ac-CHAVC-NH 2 (SEQ ID NO: 10) RMS values were obtained by 
comparing all heavy atoms in the HAV sequence in the molecules using least square 
fitting. The potential energy values of each conformer (£) and the energy difference 
5 (AE) between the corresponding conformer and the lowest-energy conformer (global 
minimum) of all the conformers were also listed in the table. 



10 



ForCH 2 CONHAVC -NH 2 (SEQ ID NO:96), a total of 12 conformational 
clusters were obtained. The conformer number of each representative conformation for 
each cluster, the potential energy for each representative conformation, and the energy 
difference between each conformer and the conformer with the lowest energy are 
provided in Table 10. The results of structural comparison between these 12 conformers 
forCH 7 CONHAVC -NH 2 (SEQ ID NO:96) and N-Ac -CHAVC -NH, (SEQ ID NO. 10) 
are provided in Table 1 1 As can be seen, the RMS values between the conformer with 
15 the lowest energy and the 3 NMR solution structures of N-Ac -CH AVC -NH ? (SEQ ID 
NO: 10) using all the heavy atoms in the HAV residues are 1.25, 1.20 and 1.28 A, 
respectively. The structure of the global minimum of CH^CONHAVr -NH 7 (SEQ ID 
NO:96) is shown in Figure 27 A. The best RMS values between all the 12 conformers 
and the 3 NMR solution structures of N-Ac -CHAVC -NH 7 (SEQ ID NO: 10) using all 
the heavy atoms in the HAV residues are 1.18, 1.20 and 1.24 A, respectively. The 
structures with best RMS values are shown in Figures 27B and 27C, respectively. These 
conformers with best RMS values don't have much higher potential energies, all within 
2.0 kcal/mol from the global minimum. It is of note that for CH,CONHAVr -NH„ 



20 
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(SEQ ID NO:96), the global minimum has an RMS value, either the best or very close 
to the best, in comparison to the 3 NMR solution structures. These results suggest that 
the structures of thioether CH ? CONHAVC-NH 2 (SEQ ID NO:96) also have reasonably 
good overlaps with the 3 solution structures of peptide #1 in terms of the conformation 
5 of the HAV residues and indicate that CH,CONHAVC -NW, ( S EQ ID NO:96) may be a 
good mimetic of N-Ac-CHAVC-NH 2 .(SEQ ID NO: 10). 

In summary, these 3 analogs all have reasonably good structural overlaps 
with the 3 NMR solution structures of N-Ac -CHAVC -NH 7 (SEQ ID NO: 10) in terms of 
the HAV conformation, suggesting that they may also be able to achieve similar activity 
1 0 to N-Ac-CHAVC-NH 2 (SEQ ID NO: 1 0). 

Table 10 

Energies of the conformers of the 
thioether £H 2 CONHAVC-NH 2 (SEQ ID NO:96) (kcal moi 1 ). 



_No Conformers 

1 102 



AE 



2 130 

3 143 

4 297 

I 312 .'i2A2 



-6. 1 1 7 23 

-12.11 1.23 

-13.34 .oo 

11.58 1.76 



6 455 

7 769 

8 796 

9 886 

10 94i 



■10.84 2.50 

-9.48 3.86 

■1150 i 84 

-8.56 4.78 

8.66 468 



11 „ t.uo 

J I 5 . 9 -12-95 . 39 



J2 97 



5.86 



Conformers in this table were energy-minimized using a dielectric 
constant of 80, and clustered by calculating all pair-wise RMS differences among 
structures using least square fitting of all heavy atoms in the HAV sequence in the 

15 molecules. The criterion to cluster the conformers was set to be 1.5 A for the RMS value. 
In each cluster, the lowest-energy conformer was selected to represent the cluster. The 
numbers in the second column were the serial number of the conformer in the cluster. 
Their potential energy values as calculated using the CHARMM program were listed in 
the 3rd column. AE was calculated as the energy difference between the corresponding 

20 conformer and the lowest-energy conformer (global minimum) of all the conformers. 
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Table 11 

Comparison between modeled tbioether OTaCONHAYC-NH, (SEQ ID NO:96) and 
NMR structures of N-Ac-CH£VC-NH 2 (SEQ ID NO: 1 0) 



No 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 



NMR Structure 1 



RMS 



2.12 
1.18 
1.25 
1.94 
2.30 
1.74 
1.87 
1.97 
2.64 
2.18 
1.41 
2.66 



-6.11 
-12.11 
-13.34 
-11.58 
-12.42 
-10.84 

-9.48 
-11.50 

-8.56 

-8.66 
-12.95 

-7.48 



7.23 
1.23 

.00 
1.76 

.92 
2.50 
3.86 
1.84 
4.78 
4.68 

.39 
5.86 



NMR Structure 2 



RMS E 



&E 



1.97 

1.35 

1.20 

1.35 

1.89 

1.93 

1.87 

1.53 

2.30 

2.03 

1.90 

2.62 



-6.11 
-12.11 
-13.34 
-11.58 
-12.42 
-10.84 

-9.48 
-11.50 

-8.56 

-8.66 
-12.95 

-7.48 



7.23 
1.23 

.00 
1.76 

.92 
2.50 
3.86 
1.84 
4.78 
4.68 

.39 
5.86 



NMR Structue 3 
RMS E A£ 



2.50 
1.65 
1.28 
2.26 
2.59 
1.37 
1.89 
2.27 
2.71 
2.45 
1.24 
2.87 



-6.11 
-12.11 
-13.34 
-11.58 
-12.42 
-10.84 

-9.48 
-11.50 

-8.56 

-8.66 
-12.95 

-7.48 



7.23 
1.23 

.00 
1.76 

.92 
2.50 
3.86 
1.84 
4.78 
4.68 

.39 
5.86 



Conformers in this table were compared to the different NMR solution 
structures of N-Ac-CH£¥JC-NH 2 (SEQ ID NO:10) RMS values were obtained by 
comparing all heavy atoms in the HAV sequence in the molecules using least square 
5 fitting. The potential energy values of each conformer (£) and the energy difference 
(AE) between the corresponding conformer and the lowest-energy conformer (global 
minimum) of all the conformers were also listed in the table. 

EXAMPLE 9 

10 .Wh«ris of T ether Analogies of N-Ac-CHAVC-NH 2 

The solid phase synthesis of the three tbioether analogues of N-Ac- 
CHAVC -NHi was using Fmoc chemistry on a Rink amide AM resin (4-(2\ 4'- 
Dimethoxyphenyl-Fmoc-aminomethyO-phenoxyacetamidoaminomethyl, 0.65 meq / g, 
1% DVB Grain size 200-400 mesh). In the synthesis of all analogues the cysteine and 

15 the imidazole group of the histidine residue are protected with the triphenylmethyl 
group (trityl). For the analogue containing asparagine, the side chain is also protected 
with the trityl group. Two coupling procedures were used for the addition of each 
amino acid to ensure complete coupling (DIC (N, N'-diisopropylcarbodiimide) and 
HBTU (O-(benzotriazol-l-yl)-N, N, N\ N'-tetramethyluronium hexaflurophosphate)). 
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The coupling reactions were initiated by adding a solution (1.170 mL) containing 6 
equivalents each of the amino acid to a suspension of the resin in NMP (1 .00 mL). This 
was followed by the addition of 6 equivalents of HOBt (0.390 mL) and DIC (1.170 mL) 
solutions. The suspension was mixed for one hour and the resin wash with DMF. The 

5 HBTU coupling reaction was initiated by adding a solution (1.170 mL) containing 6 
equivalents each of the amino acid to a suspension of the resin in NMP (1.00 mL) 
followed by the addtion of 6 equivalents of the HBTU contain (6 equivalents of HOBt 
solution) (1.170 mL) and 12 equivalents of DIPEA (0.584 mL). The suspension was 
stirred for 30 minutes and them washed. After removal of the final Fmoc protecting 

10 group, the resin was coupled to bromoaceticacid. The coupling reaction to bromoacetic 
acid was initiated by the addition of 4 equivalents of bromoacetic acid (1.170 mL, in 
25% DCM/DMF) and 8 equivalents of DIC (1.170 mL, in NMP) to a suspension of 
the resin in NMP (1 .00 mL). The suspension was mixed for two hours and then washed 
with DMF and methanol Cleavage from the resin was carried out by suspending the 

15 resin in a cleavage cocktail (10 mL, consisting of 5% TES (triethyl silane) in TFA) with 
occasional shaking for 4 hours. The resin was then filtered and washed with 
dichloromethane. The solvent volume was reduced under vacuum (water aspirator) to 
approximately 2 mL and the crude product precipitated with the addition of cold ether. 
This cleavage procedure removes all protecting groups and provide crude linear 

20 products. A solution of the crude linear peptide was added dropwise to a stirring 
solution (250 mL) of water pH 8.0 (20% aqueous solution of triethylamine was used to 
adjust the pH using a pH meter). While adding the peptide, the pH of the solution was 
adjusted to be around 8 using the same 20% aqueous solution of triethylamine. After 
the addition of all the peptide the solution was kept stirring at pH 8 and the cyclization 

25 was monitored by HPLC. Upon completion of the cyclization, the solution was 
acidified with acetic acid and lyophilized. The crude cyclic product was purified by gel 
filtration followed by HPLC. 
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APPENDIX 1 



N-Ac -CHAVC -NH, Model 1 



N-Ac-CHAVC- 


NH 2 , 


Model 1 










02-FEB-99 


COMPND 


UNNAMED 














AUTHOR 


GENERATED BY 


SYBYL, 


A PRODUCT 


OF TRIPOS ASSOCIATES, INC. 


SEQRES 


1 




7 ACE 


CYS HIS 


ALA VAL 


CYS NCC 








ATOM 


1 


CA 


ACE 


1 


-5.466 


-1.874 


0. 974 


1.00 


-0.13 


ATOM 


2 


C 


ACE 


1 


-4 - 529 


-1.628 


-0. 158 


1.00 


0.45 


ATOM 


3 


O 


ACE 


1 


-4 . 955 


-1.266 


-1.253 


1.00 


-0.39 | 


ATOM 


4 


HM 


ACE 


1 


-5.419 


-2.924 


1.264 


1.00 


0. 02 


ATOM 


5 


HM 


ACE 


1 


-6. 482 


-1.629 


0.665 


1.00 


0. 02 


ATOM 


6 


HM 


ACE 


1 


-5.183 


-1.251 


1. 822 


1.00 


0.02 


ATOM 


7 


N 


CYS 


2 


-3 .250 


-1.831 


0. 121 


1.00 


-0.36 


ATOM 


8 


CA 


CYS 


2 


-2.216 


-1.548 


-0. 860 


1.00 


0. 06 


ATOM 


9 


C 


CYS 


2 


-2 .402 


-0.112 


-1.352 


1.00 


0.45 


ATOM 


10 


O 


CYS 


2 


-2 . 814 


0.111 


-2. 490 


1.00 


-0.38 


ATOM 


11 


CB 


CYS 


2 


-2.239 


-2.554 


-2. 013 


1.00 


-0.09 


ATOM 


12 


SG 


CYS 


2 


-0. 797 


-2.469 


-3. 135 


1.00 


0. 01 


ATOM 


13 


HN 


CYS 


2 


-2 . 863 


-2.183 


0. 990 


1.00 


0. 18 


ATOM 


14 


HA 


CYS 


2 


-1.260 


-1.662 


-0.349 


1.00 


0. 02 


ATOM 


15 


HB1 


CYS 


2 


-2 . 300 


-3.560 


-1. 598 


1.00 


0. 06 


ATOM 


16 


HB2 


CYS 


2 


-3. 145 


-2.394 


-2.597 


1.00 


0. 06 


ATOM 


17 


N 


HIS 


3 


-2.089 


0.828 


-0.471 


1.00 


-0.36 


ATOM 


18 


CA 


HIS 


3 


-2.215 


2.237 


-0. 803 


1. 00 


0. 06 


ATOM 


19 


C 


HIS 


3 


-0. 860 


2.780 


-1.261 


1.00 


0. 45 


ATOM 


20 


O 


HIS 


3 


-0. 551 


2.762 


-2.451 


1.00 


-0.38 


ATOM 


21 


CB 


HIS 


3 


-2 . 802 


3.021 


0.373 


1.00 


-0. 04 


ATOM 


22 


CG 


HIS 


3 


-2.581 


2.368 


1.716 


1. 00 


0.06 


ATOM 


23 


ND1 


HIS 


3 


-3.224 


1.205 


2.100 


1.00 


-0.25 


ATOM 


24 


CD2 


HIS 


3 


-1.781 


2.728 


2.762 


1.00 


0.08 


ATOM 


25 


CE1 


HIS 


3 


-2 . 824 


0.889 


3.322 


1.00 


0. 19 


ATOM 


26 


NE2 


HIS 


3 


-1. 930 


1.834 


3.732 


1.00 


-0.24 


ATOM 


27 


HN 


HIS 


3 


-1 . 755 


0.639 


0.452 


1.00 


0.18 


ATOM 


28 


HA 


HIS 


3 


-2 . 921 


2.302 


-1.630 


1.00 


0. 02 


ATOM 


29 


HB1 


HIS 


3 


-2 . 361 


4.018 


0.387 


1.00 


0. 01 


ATOM 


30 


HB2 


HIS 


3 


-3. 873 


3.148 


0.214 


1.00 


0.01 


ATOM 


o ± 


nJJl 


TT T C? 


3 


-3. 880 


0.690 


1.548 


1.00 


0. 15 


ATOM 


32 


HD2 


HIS 


3 


-1. 131 


3.602 


2.795 


1.00 


0.03 


ATOM 


33 


HE1 


HIS 


3 


-3. 151 


0.024 


3.901 


1.00 


0.02 


ATOM 


34 


N 


ALA 


4 


-0. 089 


3.250 


-0.291 


1.00 


-0.36 


ATOM 


35 


CA 


ALA 


4 


1.226 


3.797 


-0.580 


1.00 


0.06 


ATOM 


36 


C 


ALA 


4 


2.194 


2.653 


-0.886 


1.00 


0. 45 


ATOM 


37 


O 


ALA 


4 


3.237 


2.865 


-1.503 


1.00 


-0.38 


ATOM 


38 


CB 


ALA 


4 


1. 692 


4.656 


0.597 


1.00 


-0.09 


ATOM 


39 


HN 


ALA 


4 


-0.348 


3.261 


0.674 


1.00 


0.18 


ATOM 


40 


HA 


ALA 


4 


1.135 


4.431 


-1.463 


1.00 


0.02 


ATOM 


41 


HM 


ALA 


4 


2.636 


5.137 


0.344 


1.00 


0.04 


ATOM 


42 


HM 


ALA 


4 


0.941 


5.418 


0. 810 


1.00 


0.04 


ATOM 


43 


HM 


ALA 


4 


1. 828 


4.025 


1.475 


1.00 


0.04 


ATOM 


44 


N 


VAX 


5 


1.814 


1.464 


-0.441 


1.00 


-0.36 


ATOM 


45 


CA 


VAL 


5 


2. 636 


0.285 


-0.659 


1.00 


0.06 


ATOM 


46 


C 


VAL 


5 


1. 833 


-0.965 


-0.295 


1.00 


0.45 


ATOM 


47 


O 


VAL 


5 


1.007 


-0.934 


0.616 


1.00 . 


-0.38 


ATOM 


48 


CB 


VAL 


5 


3. 943 


0.406 


0.128 


1.00 


0.01 
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V/Uj 


c 


3.714 


0. 134 


1 . 616 


1.00 


-0.07 


CG2 


VAL 


5 


^ « v X O 


— n ^^7 


r\ A AO 


1 . 00 


-0. 07 


HN 


VAL 


5 




T O Q Q 

i . z. y y 




1 . 00 


0.18 


HA 


VAL 


5 


? ft ft 7 


n. O Afi 


— 1 ion 


1 . 00 


0. 02 


HB 


VAL 


5 


*1 - O \J 4. 


x . 4 ^ U 


ft fto a 


1 . 00 


0 . 02 


HM1 


VAL 


5 




n a o n 


o no 


1 . 00 


0. 02 


HM1 


VAL 


5 


? ft £1 
& • DDI 


u. /lb 


i . y DD 


1 . 00 


0. 02 


HM1 


VAL 


5 


7 ^17 


— A Q *5 "7 


1 . 765 


1 . 00 


0. 02 


HM2 


VAL 


5 


O . D U 




U . 355 


1 . 00 


0. 02 


HM2 


VAL 


5 


4 ^77 


— ± . 4 U / 


—0 . 873 


1 . 00 


0. 02 


HM2 


VAL 


5 


S ^77 


— ft ft ft A 


—1 . 215 


1 . 00 


0 . 02 


N 


CYS 


6 




_ O n *3 "7 


1 f\ O *"J 

-1 . 027 


1 . 00 


-0 . 36 


CA 


CYS 


6 


J- . H X D 


_ -3 O Q C 


— U . 793 


1 . 00 


0 . 06 


c 


CYS 


6 


x . -? z. 


3 • y^ y 


ft A *7 C 

U . 475 


1 . 00 


0.45 


O 


CYS 




X . *± O *l 


—4 ; oyu 


1 . 001 


1 . 00 


-0.38 


PR 


PVQ 


b 


1 . 525 


-4 .231 


-1. 998 


1.00 


-0.09 






b 


0 . 053 


-4 .258 


-3. 085 


1.00 


0. 01 


HN 


CYS 


6 


2.777 


-2.054 


-1.766 


1.00 


0.18 


HA 


CYS 


6 


0.361 


-3.056 


-0.662 


1.00 


0. 02 


HB1 


CYS 


6 


2.391 


-3.939 


-2.592 


1.00 


0.06 


HB2 


CYS 


6 


1.712 


-5.243 


-1.639 


1.00 


0.06 


N 


NCC 


7 


3.101 


-3.363 


0. 929 


1 . 00 


-0 . 39 


HI 


NCC 


7 


3.499 


-2.583 


0.447 


1.00 


0.19 


HO 




/ 


3. 539 


-3.717 


1, 755 


1.00 


0.19 




NCC 


7 










2 


4 


5 


6 










1 
1 
1 
1 


3 


7 












2 
7 


8 


13 












9 


18 


27 













10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
TER 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT . 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
CONECT 
MASTER 
END 



49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
1 
2 
4 
5 
6 
7 

13 

17 

27 

34 

38 

39 

41 

42 

43 

44 

49 

50 

51 

54 

55 

56 

57 

58 

59 

60 

66 

70 

71 

72 



17 






19 


35 


39 


35 


41 


42 


34 






38 






38 






38 






36 


45 


51 


48 


54 


55 


48 


57 


58 


44 






49 






49 






49 






50 






50 






50 






46 


61 


66 


60 






62 


71 


72 


70 






70 






0 


0 


0 



43 



56 
59 



0 72 1 30 
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N-A0 CHAVC -NH2, Model 2 



N-Ac-CHAYC-NH 2 / Model 2 
UNNAMED 
GENERATED BY 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



COMPND 
AUTHOR 
SEQRES 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 



1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 



7 ACE 
CA ACE 
C ACE 
O ACE 



HM ACE 
HM ACE 
HM ACE 



N 



CYS 



CA CYS 
C CYS 



O 

CB 



CYS 
CYS 



SG CYS 
HN CYS 
HA CYS 
HB1 CYS 
HB2 CYS 
N HIS 
CA HIS 
C HIS 



O 

CB 



HIS 
HIS 



CG HIS 
ND1 HIS 
CD2 HIS 
CE1 HIS 
NE2 HIS 
HN HIS 
HA HIS 
HB1 HIS 
HB2 HIS 
HD1 HIS 
HD2 HIS 
HE1 HIS 



N 


ALA 


CA 


ALA 


C 


ALA 


O 


ALA 


CB 


ALA 


HN 


ALA 


HA 


ALA 


HM 


ALA 


HM 


ALA 


HM 


ALA 


N 


VAL 


CA 


VAL 


C 


VAL 


0 


VAL 


CB 


VAL 


CGI 


VAL 


CG2 


VAL 



SYBYL, 
CYS HI 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 



A PRODUCT OF 
S ALA VAL CYS 
-4.515 -2 
-3.265 
-2.295 
-4.383 
-5.342 
-4.736 
-3.303 
-2.150 
-2.234 



-2.394 
-2.061 
-0.653 
-4.083 
-1.267 
-1.989 
-2.987 
-2.122 
-2.316 
-0.985 
-0.779 
-2.956 
-3.945 
-5.276 
-3.784 
-5.880 
-4.954 
-1.903 
-3.015 
-2.169 
-3.460 
-5.709 
-2.854 
-6.931 
-0.117 
1.187 
2.186 
3.249 
1.617 
-0.294 
.094 



766 
548 
841 
809 
658 
861 
1.026 
3.928 
3.642 
5.044 



-2 
-3 
-3 
-2 
-1 
-1. 
-1. 
-0. 

0. 
-2. 
-2. 
-1. 
-1. 
-3. 
-2. 
0. 
2. 
2. 
3. 
3. 
2. 
2. 
1. 
1, 
1 
0 
2 
3 
3 
2 
1 
1 
3 
3 
2 
2 
4 
2 
4 
4 
5 
5 
1 
0 
-1 
-1 
0 
0 
-0 



TRIPOS 
NCC 
694 
586 
297 
447 
985 
731 
, 688 
,463 
.041 
. 150 
.507 
.286 
.090 
.582 
.497 
.486 
.922 
.315 
.918 
.148 
.093 
.288 
. 157 
.574 
.397 
.038 
.763 
.327 
.453 
.971 
.567 
.463 
.111 
.156 
.728 
.599 
.829 
.626 
.967 
.337 
. 020 
.132 
.368 
.404 
.241 
. 024 
. 019 
.381 
.085 
.519 



02-FEB-99 



ASSOCIATES, INC. 



818 
014 
269 
595 
168 
2.278 
0.040 
815 
371 
576 
930 
078 
209 
0.188 
1.477 
503 
468 
830 
285 
2.475 
0.322 
1.130 
0.773 
2.281 
1.675 
609 
495 
667 
984 
081 



-0. 030 
2.837 
1.671 
-0.313 
-0.598 
-0.862 



-1 
0 
0 

-1 
1 
0 
0 



1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 



436 
563 
, 654 
.497 
,457 
.306 
.754 



1. 
1. 
1. 
1. 
1. 
1, 
1. 
1. 
1, 



-0. 430 
-0. 613 
-0.286 
0. 617 
0.231 
1.704 
-0.302 



00 
00 
00 
00 
00 
00 
00 
00 
00 



-0. 13 
0.45 

-0.39 
0.02 
0.02 
0.02 

-0.36 
0.06 
0.45 

-0.38 

-0. 09 
0.01 
0. 18 



0. 
0. 

0. 
-0. 

0. 
0. 



02 
06 
06 
36 
06 
45 



1.00 



00 
00 
00 
00 
00 
00 
00 
00 
00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 



-0.38 

-0.04 
0. 06 

-0.25 
0.08 
0.19 

-0.24 



0. 
0. 

0. 
0, 
0, 
0, 
0, 



18 
02 
01 
01 
15 
03 
02 



00 

,00 
,00 
.00 
.00 



1.00 



1. 
1. 

1. 
1. 
1. 
1. 

1. 
1. 
1. 



00 
00 
00 
00 
00 
00 
00 
00 
00 



-0.36 
0.06 
0.45 

-0.38 

-0.09 
0.18 
0.02 
0.04 
0.04 
0.04 

-0.36 
0. 06 
0.45 

-0.38 
0.01 

-0.07 

-0.07 
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ATOM 


51 


HN 


VAL 


5 




0.943 


ATOM 


52 


HA 


VAL 


5 




2.952 


ATOM 


53 


HB 


VAL 


5 




4.266 


ATOM 


54 


HM1 


VAL 


5 




4.496 


ATOM 


55 


HM1 


VAL 


5 




2.756 


ATOM 


56 


HM1 


VAL 


5 




3.470 


ATOM 


57 


HM2 


VAL 


5 




4.606 


ATOM 


58 


HM2 


VAL 


5 




5.641 


ATOM 


59 


HM2 


VAL 


5 




5.679 


ATOM 


60 


N 


CYS 


6 




2.146 


ATOM 


61 


CA 


CYS 


6 




1.4 67 


ATOM 


62 


C 


CYS 


6 




2.052 


ATOM 


63 


O 


CYS 


6 




1.522 


ATOM 


64 


CB 


CYS 


6 




1.573 


ATOM 


65 


SG 


CYS 


6 




0. 182 


ATOM 


66 


HN 


CYS 


6 




2.828 


ATOM 


67 


HA 


CYS 


6 




0.411 


ATOM 


68 


HB1 


CYS 


6 




2.501 


ATOM 


69 


HB2 


CYS 


6 




1.641 


ATOM 


70 


N 


NCC 


7 




3. 139 


ATOM 


71 


HI 


NCC 


7 




3.491 


ATOM 


72 


H2 


NCC 


7 




3.609 


TER 


73 




NCC 


7 






CONECT 


1 


2 


4 


5 


6 




CONECT 


2 


1 


3 


7 






CONECT 


4 


1 










CONECT 


5 


1 










CONECT 


6 


1 










CONECT 


7 


2 


8 


13 






CONECT 


13 


7 










CONECT 


17 


9 


18 


27 






CONECT 


27 


17 










CONECT 


34 


19 


35 


39 






CONECT 


38 


35 


41 


42 


43 




CONECT 


39 


34 










CONECT 


41 


38 










CONECT 


42 


38 










CONECT 


43 


38 










CONECT 


44 


36 


45 


51 






CONECT 


49 


48 


54 


55 


56 




CONECT 


50 


48 


57 


58 


59 




CONECT 


51 


44 










CONECT 


54 


49 










CONECT 


55 


49 










CONECT 


56 


49 










CONECT 


57 


50 










CONECT 


58 


50 










CONECT 


59 


50 










CONECT 


60 


46 


61 


66 






CONECT 


66 


60 










CONECT 


70 


62 


71 


72 






CONECT 


71 


70 










CONECT 


72 


70 










MASTER 




0 


0 


0 


0 


0 0 


END 
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20 



25 
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55 



1.227 
0.209 
1.414 
0.390 
0.636 
-0.984 
-1.393 
0.033 
-0. 838 
-2.076 
-3.344 
-4.015 
-5. 016 
-4.242 
-4.090 
-2.071 
-3.114 
-4.010 
-5.279 
-3.436 
-2.599 
-3. 836 



0.036 



-1. 
0, 
2. 
2. 
1. 



662 
157 
309 
022 
833 



-0.784 
-1.028 
0.523 
-1.039 
-0. 840 
0.404 
0. 882 
-2.075 
-3.256 
-1.771 
-0. 695 
-2.597 
-1.748 
0. 893 
0.474 
1.680 



1.00 

1.00 

1. 00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 



0 

0, 

0. 

0, 

0. 

0. 

0. 

0. 

0. 



18 
02 
02 
02 
02 
02 
02 
02 
02 



-0.36 
0.06 
0.45 

-0.38 

-0.09 
0.01 
0.18 
0.02 
0.06 
0.06 

-0.39 
0.19 
0.19 



0 72 1 30 
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N-Ac -CHAVC -NHi, Model 3 



N-Ac- CHAVC -NH 2 , Model 3 02-FEB 99 

AUTHOR GENERATED BY SYBYL, A PRODUCT OF TRIPOS ASSOCIATES, INC. 



SEQRES 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



1 


7 


ACE 


CYS HIS 


ALA VAL CYS NCC 




1 


CA 


ACE 


1 


-6.776 


-1.273 


r\ too 


2 


C 


ACE 


1 


-5.315 


-0.978 


U . 8 lo 


3 


O 


ACE 


1 


-4 .890 


0. 043 


1 . 354 


4 


HM 


ACE 


1 


-7 .313 


-0. 474 


1 . 309 


5 


HM 


ACE 


1 


-6.962 


-2.218 


1 . 305 


6 


HM 


ACE 


1 


-7 .120 


-1. 341 


-0 . 235 


7 


N 


CYS 


2 


-4.554 


-1.885 


0.219 


8 


CA 


CYS 


2 


-3.360 


-1.496 


-0 . 512 


9 


C 


CYS 


2 


-3.430 


0. 008 


-0.7 80 


10 


O 


CYS 


2 


-4.480 


0.528 


-1 . 155 


11 


CB 


CYS 


2 


-3.201 


-2 .299 


-1 . 805 


12 


SG 


CYS 


2 


-2.074 


-1 . 553 


-3 . 038 


13 


HN 


CYS 


2 


-4.701 


-2.888 


0.201 


14 


HA 


CYS 


2 


-2.510 


-1.736 


0 . 127 


15 


HB1 


CYS 


2 


-2.834 


-3.294 


-1 . 554 


16 


HB2 


CYS 


2 


-4.183 


-2 . 426 


-2 . 260 


17 


N 


HIS 


3 


-2.298 


0. 667 


-0 . 578 


18 


CA 


HIS 


3 


-2.217 


2 . 102 


-0 . 793 


19 


C 


HIS 


3 


-0.904 


2.442 


-1 . 500 


20 


O 


HIS 


3 


-0.794 


2.292 


-2 .717 


21 


CB 


HIS 


3 


-2.394 


2. 859 


0 . 524 


22 


CG 


HIS 


3 


-1.960 


2 . 082 


1 . 743 


23 


ND1 


HIS 


3 


-2.564 


0. 899 


2 . 133 


24 


CD2 


HIS 


3 


-0.975 


2.329 


2 . 654 


25 


CE1 


HIS 


3 


-1.963 


0.464 


3 .230 


26 


NE2 


HIS 


3 


-0.978 


1. 352 


3 . 552 


27 


HN 


HIS 


3 


-1.448 


0.237 


-0 . 272 


28 


HA 


HIS 


3 


-3.050 


2 . 368 


-1.444 


29 


HB1 


HIS 


3 


-1.826 


3.788 


0 . 477 


30 


HB2 


HIS 


3 


-3. 443 


3. 134 


0 . 636 


31 


HD1 


HIS 


3 


-3. 326 


0.450 


1 . 665 


32 


HD2 


HIS 


3 


-0.300 


3.185 


2 . 645 


33 


HE1 


HIS 


3 


-2.211 


-0. 444 


3.780 


34 


N 


ALA 


4 


0.058 


2 . 892 


-0.709 


35 


CA 


ALA 


4 


1.360 


3.254 


-1 . 244 


36 


C 


ALA 


4 




^ i 1 j J. 


-0 . 524 


37 


O 


ALA 


4 


3.523 


2.972 


-0 . 244 


38 


CB 


ALA 


4 


1.565 


4.765 


-1.109 


39 


HN 


ALA 


4 


-0.040 


3.011 


0.279 


40 


HA 


ALA 


4 


1.367 


2.992 


-2.303 


41 


HM 


ALA 


4 


2.629 


4.979 


-1.008 


42 


HM 


ALA 


4 


1.177 


5.265 


-1.997 


43 


HM 


ALA 


4 


1.035 


5.126 


-0.228 


44 


N 


VAL 


5 


2.120 


1.198 


-0.244 


45 


CA 


VAL 


5 


3.054 


0.319 


0.439 


46 


C 


VAL 


5 


2.704 


-1.137 


0.121 


47 


O 


VAL 


5 


2.744 


-1.995 


1.000 


48 


CB 


VAL 


5 


3.053 


0.619 


1.940 


49 


CGI VAL 


5 


3.920 


-0.388 


2.700 


50 


CG2 VAL 


5 


3.512 


2.053 


2.212 


51 


HN 


VAL 


5 


1.240 


0.783 


-0.475 



1.00 -0.13 



ATOM 1 CA ACfc 1 a • * ~ • ' * ' \l 

ATOM 2 C ACE 1 -5.315 -0.978 0.815 1.00 0.45 

ATOM 3 O ACE 1 -4.890 0.043 1.354 1.00 -0.39 

ATOM 4 HM ACE 1 "7.313 -0.474 1.309 1.00 0.02 

P^q H <= — ■ -fi.Qfi? -2.218 1.305 1.00 0.02 

ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 



1.00 0.02 
1.00 -0.36 
1.00 0.06 
1.00 0.45 
1.00 -0.38 
1.00 -0.09 
1.00 0.01 
1.00 0.18 
1.00 0.02 
1.00 0.06 
1.00 0.06 
1.00 -0.36 
1.00 0.06 
1.00 0.45 
1.00 -0.38 
1.00 -0.04 
1.00 0.06 
1.00 -0.25 
1.00 0.08 
1.00 0.19 
1.00 -0.24 
1.00 0.18 
1.00 0.02 
1.00 0.01 
1.00 0.01 
1.00 0.15 
1.00 0.03 
1.00 0.02 
1.00 -0.36 
1.00 0.06 
1.00 0.45 
1.00 -0.38 
1.00 -0.09 
1.00 0.18 
1.00 0.02 
1.00 0.04 
1.00 0.04 
1.00 0.04 
1.00 -0.36 
1.00 0.06 
1.00 0.45 
1.00 -0.38 
1.00 0.01 
1.00 -0.07 
1.00 -0.07 
1.00 0.18 
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ATOM 


52 


HA 


VAL 


5 




4.050 


0.532 


0.053 


1.00 


0.02 


ATOM 


53 


HB 


VAL 


5 




2.030 


0.520 


2.301 


1. 00 


0.02 


ATOM 


54 


HM1 


VAL 


5 




4 .488 


-0. 988 


1.990 


1.00 


0.02 


ATOM 


55 


HM1 


VAL 


5 




4.606 


0.147 


3. 357 


1.00 


0. 02 


ATOM 


56 


HM1 


VAL 


5 




3.281 


-1. 040 


3.295 


1.00 


0.02 


ATOM 


57 


HM2 


VAL 


5 




3.634 


2.197 


3.285 


1.00 


0.02 


ATOM 


58 


HM2 


VAL 


5 




4.4 62 


2.232 


1.711 


1.00 


0.02 


ATOM 


59 


HM2 


VAL 


5 




2.764 


2.751 


1.835 


1.00 


0.02 


ATOM 


60 


N 


CYS 


6 




2.367 


-1.368 


-1.139 


1.00 


-0.36 


ATOM 


61 


CA 


CYS 


6 




2.009 


-2.704 


-1.586 


1.00 


0.06 


ATOM 


62 


C 


CYS 


6 




3.076 


-3.182 


-2.572 


1.00 


0.45 


ATOM 


63 


O 


CYS 


6 




2.903 


-3.065 


-3. 784 


1.00 


-0.38 


ATOM 


64 


CB 


CYS 


6 




0.608 


-2.740 


-2. 198 


1.00 


-0.09 


ATOM 


65 


SG 


CYS 


6 




-0.360 


-1.201 


-1.992 


1.00 


0.01 


ATOM 


66 


HN 


CYS 


6 




2.337 


-0. 664 


-1. 849 


1.00 


0. 18 


ATOM 


67 


HA 


CYS 


6 




1.992 


-3.337 


-0.698 


1.00 


0.02 


ATOM 


68 


HB1 


CYS 


6 




0.697 


-2.956 


-3.263 


1.00 


0.06 


ATOM 


69 


HB2 


CYS 


6 




0.052 


-3.565 


-1.752 


1.00 


0. 06 


ATOM 


70 


N 


NCC 


7 




4.156 


-3.712 


-2. 017 


1. 00 


-0.39 


ATOM 


71 


HI 


NCC 


7 




4.226 


-3.775 


-1. 021 


1.00 


0.19 


ATOM 


72 


H2 


NCC 


7 




4 . 900 


-4.050 


-2.593 


1.00 


0.19 


TER 


73 




NCC 


7 














CONECT 


1 


2 


4 


5 


6 












CONECT 


2 


1 


3 


7 














CONECT 


4 


1 


















CONECT 


5 


1 


















CONECT 


6 


1 


















CONECT 


7 


2 


8 


13 














CONECT 


13 


7 


















CONECT 


17 


9 


18 


27 














CONECT 


27 


17 


















CONECT 


34 


19 


35 


39 














CONECT 


38 


.35 


41 


42 


43 












CONECT 


39 


34 


















CONECT 


41 


38 


















CONECT 


42 


38 


















CONECT 


43 


38 


















CONECT 


44 


36 


45 


51 














CONECT 


49 


48 


54 


55 


56 












CONECT 


50 


48 


57 


58 


59 












CONECT 


51 


44 


















CONECT 


54 


49 


















CONECT 


55 


49 








• 










CONECT 


56 


49 


















CONECT 


57 


50 


















CONECT 


58 


50 


















CONECT 


«J ^ 




















CONECT 


60 


46 


61 


66 














CONECT 


66 


60 


















CONECT 


70 


62 


71 


72 














CONECT 


71 


70 


















CONECT 


72 


70 


















MASTER 




0 


0 


0 


0 


0 0 


0 


0 72 


1 


30 1 


END 
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APPENDIX 2 



N-Ac-CHAVC-Y-NH 2 , Model 1 
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N-Ac-CHAVC- Y-NH 2 , Model 1 

AUTHOR GENERATED BY SYBYL, A PRODUCT OF TRIPOS^ INC. 

SEQRES 1 

SSBOND 1 C 

ATOM 1 

ATOM 2 

ATOM 3 

ATOM 4 

ATOM 5 

ATOM 6 
ATOM 

ATOM 8 

ATOM 9 

ATOM 10 

ATOM 11 

ATOM 12 

ATOM 13 

ATOM 14 

ATOM 15 

ATOM 16 

ATOM 17 

ATOM 1 8 

ATOM 19 

ATOM 20 

ATOM 21 



ATOM 22 
ATOM 23 



ATOM 

ATOM 25 



ATOM 



ATOM 



7 N CYS 2 -2.485 2.264 -2.262 1.00 -0.36 

1.00 0.06 
1.00 0.45 
1.00 -0.38 
1.00 -0.09 
1.00 0.01 
1.00 0.18 
1.00 0.02 
1.00 0.06 
1.00 0.06 
1.00 -0.36 
1.00 0.06 
1.00 0.45 
1.00 -0.38 
1.00 -0.04 
1.00 0.06 



ATOM 2 6 

ATOM 27 



ATOM 2 8 

ATOM 



ATOM 30 
ATOM 31 



ATOM 
ATOM 



Q 

o 






ALA VAL CYS TYR NCC 


i*S 


9 


v_ ± %j 








CA 


ALL 


X 


-d fid Q 

*4 • D *i .7 


1.284 


-2.279 


C 


ACJL 


X 


— 0 . JL D / 


1 1 9 R 


-2 .262 


o 


ACE 


1 


-9 fiS7 


U . vj \J j 


-2.249 


HM 


ACE 


X 


— H . 5 / / 


X . / HI 


-1 . 347 


HM 


ACE 


JL 


— O . -L J. D 


0 30S 


-2 . 384 


HM 


ACE 


X 


—4 . yjy 


1 Ql 7 


-3 . 118 


N 


CYS 


Z 


0 /toe; 
— Z . 4 0 0 


9 9 fid 
Z . Z> Dfx 


-9 962 


CA 


CYS 


o 


— 1 . UoZ 


9 9 fid 


-2 . 262 


C 


CYS 


o 

£. 


— U . DjZ 


^ fiOS 
O . DUO 


-1 . 704 


o 


CYS 


o 

£. 


n n s 

U . U J J 


d d 00 


-2 . 422 


CB 


CYS 


O 


_ n d fifi 

U . ft O D 


X . 7 7 X 


-3 . 657 


SG 


CYS 




1 ^ O 


1 ft QO 

X . O j \J 


-3 . 739 


HN 


CYS 


C. 


_ O 0£C 

— Z • OOO 


3 904 


-2 .262 


HA 






— U . / X :? 


1 4 4 9 


-1 . 618 


HB1 


CYS 




— u * OOO 


1 OSS 

X . v O O 


-4 . 027 


HB2 


CYS 




— U . OuO 


9 77 Q 


-4 . 331 


N 


HIS 


o 


— U . bob? 


"5 ft 1 fi 
J . DID 


— 0 d 9 ft 

VJ . IfcO 


CA 


HIS 


2> 


— U .44 J 


S Od 7 
D . U4 / 


0 935 


C 


HIS 


o 

O 


X . U 1 X 


d Q^fi 


0 . 698 


o 


HIS 




1 R fi7 
1.00/ 


S fiQ ft 


0 . 251 


CB 


HIS 


o 


— i /ins 

— 1 . fi U 3 


S "3R9 

J . JUL 


1 . 377 


CG 


HIS 


o 


— z ♦ O 4 y 


S OfiO 


1 . 079 


ND1 


HIS 


0 


"5 7 d fi 


fi 003 

D • w V J 


0 . 607 


CD2 


HIS 


0 




3.890 


1 . 188 


CEl 


111 5 


s3 


A QO^ 


s d 1 7 


0 . 444 


NE2 


HIS 


-3 


— 4 . /7J 


d TOR 
ft . X vj 0 


0 . 806 


HN 


HIS 


O 


T 0*31 


*5 1 fid 
-5 . XD4 


0 1 SO 


HA 


HIS 


■D 


r» con 

—0 . 520 


3 . 04 X 


-0 SOR 

— VJ . J VJ 0 


HB1 


HIS 


■3 


-1. 098 


4. 835 


2.269 


HB2 


HIS 


3 


-1.320 


6.443 


1.610 


HD2 


HIS 


3 


-3.137 


2.939 


1.532 


HE1 


HIS 


3 


-5.833 


5.896 


0.085 


N 


ALA 


4 


1.245 


3.982 


1.587 


CA 


ALA 


4 


2.581 


3.762 


2.114 


C 


ALA 


4 


3.220 


2.573 


1.394 


0 


ALA 


4 


4.432 


2.548 


1.185 


CB 


ALA 


4 


2.504 


3.554 


3.628 


HN 


ALA 


4 


0.543 


3.367 


1.945 


HA 


ALA 


4 


3.169 


4.658 


1.912 


HM 


ALA 


4 


3.509 


3.418 


4.027 


HM 


ALA 


4 


2.044 


4.427 


4.092 


HM 


ALA 


4 


1.905 


2.670 


3.843 


N 


VAL 


5 


2.376 


1. 617 


1.034 


CA 


VAL 


5 


2.843 


0.429 


0.341 


C 


VAL 


5 


1.719 


-0.118 


-0.541 


O 


VAL 


5 


0.553 


-0.101 


-0.148 


CB 


VAL 


5 


3.361 


-0.596 


1.353 



1.00 -0.13 
1.00 0.45 
1.00 -0.39 
1.00 0.02 
1.00 0.02 
1.00 0.02 



1.00 -0.25 



24 CD2 HIS 3 -3.543 3.890 1.188 1.00 0.08 

1.00 0.19 



1.00 -0.24 
1.00 0.18 
1.00 0.02 



29 HB1 HIS 3 -1.098 4.835 2.269 1.00 0.01 

1.00 0.01 



1.00 0.03 



32 HE1 HIS 3 -5.833 5.896 0.085 1.00 0.02 

ATOM 33 N ALA 4 1.245 3.982 1-587 1.00 -0.36 

34 CA ALA 4 2.581 3.762 2.114 1.00 0.06 

1.00 0.45 



ATOM 35 

ATOM 36 

ATOM 37 

ATOM 38 

ATOM 39 

ATOM 4 0 

ATOM 41 

ATOM 42 - — - 

ATOM 43 N VAL 5 2.376 1.617 1.034 1.00 -0.36 

ATOM 44 CA VAL 5 2.843 0.429 0.341 1.00 0.06 

ATOM 45 C VAL 5 1.719 -0.118 -0.541 1.00 0.45 

4 6 O VAL 5 0.553 -0.101 -0.148 1.00-0.38 

47 CB VAL 5 3.361 -0.596 1.353 1.00 0.01 



1.00 -0.38 
1.00 -0.09 
1.00 0.18 
1.00 0.02 
1.00 0.04 
1.00 0.04 
1.00 0.04 
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ATOM 


48 


CGI 


VAL 


5 




2.276 


-0. 962 


2.367 


1.00 


-0.07 


ATOM 


49 


CG2 


VAL 


5 




3.893 


-1.844 


0. 645 


1.00 


-0.07 


ATOM 


50 


HN 


VAL 


5 




1. 392 


1. 646 


1.207 


1.00 


0. 18 


ATOM 


51 


HA 


VAL 


5 




3. 677 


0.725 


-0.296 


1.00 


0.02 


ATOM 


52 


HB 


VAL 


5 




4.189 


-0.141 


1. 897 


1.00 


0.02 


ATOM 


53 


HM1 


VAL 


5 




1.959 


-0.065 


2. 900 


1.00 


0.02 


ATOM 


54 


HM1 


VAL 


5 




1.423 


-1.396 


1.846 


1.00 


0.02 


ATOM 


55 


HM1 


VAL 


5 




2. 673 


-1.686 


3.079 


1.00 


0.02 


ATOM 


56 


HM2 


VAL 


5 




3.068 


-2.366 


0. 160 


1.00 


0.02 


ATOM 


57 


HM2 


VAL 


5 




4.629 


-1.551 


-0.105 


1.00 


0.02 


ATOM 


58 


HM2 


VAL 


5 




4.362 


-2.504 


1.375 


1.00 


0.02 


ATOM 


59 


N 


CYS 


6 




2. 108 


-0.589 


-1.716 


1.00 


-0.36 


ATOM 


60 


CA 


CYS 


6 




1.147 


-1.139 


-2.657 


1.00 


0. 06 


ATOM 


61 
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CYS 


6 




0.710 


-2.514 


-2.149 


1. 00 


O. 45 
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6 




1.252 


-3.536 


-2.567 


1.00 


-0. 38 
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6 




1.720 


-1.210 


-4.074 


1.00 


-0.09 


ATOM 


64 


SG 


CYS 


6 




1.774 


0.389 


-4.961 


1.00 


0.01 


ATOM 


65 


HN 


CYS 


6 




3. 058 


-0.599 


-2. 028 


1.00 


0. 18 


ATOM 


66 


HA 


CYS 


6 




0.304 


-0.450 


-2. 682 


1.00 


0.02 


ATOM 


67 


HB1 


CYS 


6 




2.731 


-1.615 


-4.022 


1.00 


0.06 


ATOM 


68 


HB2 


CYS 


6 




1. 125 


-1.913 


-4. 657 


1.00 


0.06 


ATOM 


69 


N 


TYR 


7 




-0.266 


-2.496 


-1.253 


1.00 


-0.36 


ATOM 


70 


CA 


TYR 


7 




-0.782 


-3.729 


-0. 683 


1.00 


0.06 


ATOM 


71 


C 


TYR 


7 




-2. 300 


-3.656 


-0.502 


1.00 


0.45 


ATOM 


72 


O 


TYR 


7 




-2. 881 


-2 .573 


-0.535 


1.00 


-0.38 


ATOM 


73 


CB 


TYR 


7 




-0. 123 


-3.866 


0. 691 


1.00 


-0.04 


ATOM 


74 


CG 


TYR 


7 




0.008 


-5.311 


1.176 


1.00 


0.02 


ATOM 


75 


CD1 


TYR 


7 




0.768 


-6.214 


0.460 


1.00 


-0. 01 


ATOM 


76 


CD2 


TYR 


7 




-0.634 


-5.712 


2.330 


1.00 


-0.01 


ATOM 


77 


CE1 


TYR 


7 




0.891 


-7.574 


0.917 


1.00 


-0.06 


ATOM 


78 


CE2 


TYR 


7 




-0.511 


-7.072 


2.787 


1.00 


-0.06 


ATOM 


79 


CZ 


TYR 


7 




0.246 


-7. 936 


2. 058 


1.00 


0.23 


ATOM 


80 


OH 


TYR 


7 




0.362 


-9.220 


2.490 
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-0.33 
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HN 


TYR 
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-0.702 
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-1.235 
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-1.013 


-7.402 
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-5.665 
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0.19 
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0 


0 


0 


END 











55 
58 



92 1 34 



N-Ac-CHAYC-Y-NH 2 , Model 2 



N-Ac-CHAVC-Y- 


■NH 2 , Model 


2 












AUTHOR 


GENERATED BY 


SYBYL, 


A PRODUCT 


OF TRIPOS, INC. 






SEQRES 


1 


8 ACE 


CYS HIS 


ALA VAL 


CYS TYR 


NCC 






SSBOND 


1 CYS 2 


CYS 


6 










ATOM 


1 


CA ACE 


1 


-2.752 


-5.424 


0.577 


1.00 


-0.13 


ATOM 


2 


C ACE 


1 


-2.531 


-4.822 


-0.768 


1.00 


0.45 


ATOM 


3 


O ACE 


1 


-2.968 


-5.372 


-1.777 


1.00 


-0.39 


ATOM 


4 


HM ACE 


1 


-2. 066 


-6.259 


0.718 


1.00 


0.02 


ATOM 


5 


HM ACE 


1 


-3.779 


-5.781 


0.651 


1.00 


0.02 


ATOM 


6 


HM ACE 


1 


-2.572 


-4.672 


1.346 


1.00 


0.02 


ATOM 


7 


N CYS 


2 


-1.849 


-3.686 


-0.768 


1.00 


-0.36 


ATOM 


8 


CA CYS 


2 


-0.396 


-3.686 


-0.768 


1.00 


0.06 


ATOM 


9 


C CYS 


2 


0.084 


-3.859 


-2.210 


1.00 


0.45 


ATOM 


10 


O CYS 


2 


0.405 


-4.969 


-2.633 


1.00 


-0.38 


ATOM 


11 


CB CYS 


2 


0.170 


-4.767 


0.155 


1.00 


-0.09 


ATOM 


12 


SG CYS 


2 


1.995 


-4.787 


0.285 


1.00 


0.01 


ATOM 


13 


HN CYS 


2 


-2.229 


-2.746 


-0.768 


1.00 


0.18 


ATOM 


14 


HA CYS 


2 


-0.083 


-2.721 


-0.369 


1.00 


0. 02 


ATOM 


15 


HB1 CYS 


2 


-0.250 


-4.629 


1.152 


1.00 


0.06 


ATOM 


16 


HB2 CYS 


2 


-0.166 


-5.741 


-0.200 


1.00 


0.06 


ATOM 


17 


N HIS 


3 


0.119 


-2.745 


-2.926 


1.00 


-0.36 


ATOM 


18 


CA HIS 


3 


0.554 


-2.759 


-4.313 


1.00 


0.06 


ATOM 


19 


C HIS 


3 


1.358 


-1.492 


-4.611 


1.00 


0.45 


ATOM 


20 


O HIS 


3 


2.556 


-1.560 


-4.878 


1.00 


-0.38 


ATOM 


21 


CB HIS 


3 


-0. 637 


-2.942 


-5.255 


1.00 


-0.04 


ATOM 


22 


CG HIS 


3 


-1. 836 


-2.096 


-4.899 


1.00 


0.06 


ATOM 


23 


ND1 HIS 


3 


-2.171 


-0.943 


-5.589 


1.00 


-0.25 
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ATOM 


24 


CD2 


HIS 


3 


-2.776 


-2.246 


-3. 922 


1. 00 


0. 08 


ATOM 


25 


CE1 


HIS 


3 


-3.264 


-0.431 


-5.042 


1.00 


0.19 


ATOM 


26 


NE2 


HIS 


3 


-3.637 


-1.240 


-4.009 


1.00 


-0.24 


ATOM 


27 


HN 


HIS 


3 


-0.143 


-1.846 


-2.575 


1. 00 


0.18 


ATOM 


28 


HA 


HIS 


3 


1.205 


-3.626 


-4. 427 


1.00 


0. 02 


ATOM 


29 


HB1 


HIS 


3 


-0.324 


-2.702 


-6.271 


1.00 


0.01 


ATOM 


30 


HB2 


HIS 


3 


-0. 932 


-3.991 


-5.251 


1.00 


0. 01 


ATOM 


31 


HD2 


HIS 


3 


-2.813 


-3.056 


-3.194 


1.00 


0. 03 


ATOM 


32 


HE1 


HIS 


3 


-3.775 


0.477 


-5.361 


1. 00 


0. 02 


ATOM 


33 


N 


ALA 


4 


0.664 


-0.364 


-4.557 


1. 00 


-0.36 


ATOM 


34 


CA 


ALA 


4 


1.298 


0.917 


-4.819 


1.00 


0. 06 


ATOM 


35 


C 


ALA 


4 


1.599 


1.614 


-3.490 


1. 00 


0.45 


ATOM 


36 


0 


ALA 


4 


2.390 


2.554 


-3.443 


1.00 


-0.38 


ATOM 


37 


CB 


ALA 


4 


0.396 


1.757 


-5.726 


1.00 


-0.09 


ATOM 


38 


HN 


ALA 


4 


-0.311 


-0.316 


-4.340 


1.00 


0. 18 


ATOM 


39 


HA 


ALA 


4 


2.236 


0.724 


-5.339 


1.00 


0.02 


ATOM 


40 


HM 


ALA 


4 


0.867 


2.722 


-5.913 


1.00 


0.04 


ATOM 


41 


HM 


ALA 


4 


0.247 


1.237 


-6.672 


1.00 


0.04 


ATOM 


42 


HM 


ALA 


4 


-0.567 


1. 911 


-5.240 


1. 00 


0.04 


ATOM 


43 


N 


VAL 


5 


0.951 


1. 124 


-2.443 


1.00 


-0.36 


ATOM 


44 


CA 


VAL 


5 


1. 140 


1.688 


-1.117 


1.00 


0.06 


ATOM 


45 


C 


VAL 


5 


0.776 


0. 638 


-0.065 


1.00 


0.45 


ATOM 


46 


0 


VAL 


5 


-0.401 


0.379 


0.178 


1.00 


-0.38 


ATOM 


47 


CB 


VAL 


5 


0.330 


2.979 


-0.977 


1.00 


0. 01 


ATOM 


48 


CGI 


VAL 


5 


-1. 072 


2. 813 


-1.565 


•1.00 


-0.07 


ATOM 


49 


CG2 


VAL 


5 


0.263 


3.428 


0.484 


1.00 


-0.07 


ATOM 


50 


HN 


VAL 


5 


0.310 


0.359 


-2. 489 


1.00 


0.18 


ATOM 


51 


HA 


VAL 


5 


2. 195 


1.938 


-1. 013 


1.00 


0.02 


ATOM 


52 


HB 


VAL 


5 


0.841 


3.757 


-1.543 


1.00 


0.02 


ATOM 


53 


HM1 


VAL 


5 


-1.566 


1. 964 


-1. 093 


1.00 


0.02 


ATOM 


54 


HM1 


VAL 


5 


-1. 652 


3.718 


-1.383 


1.00 


0. 02 


ATOM 


55 


HM1 


VAL 


5 


-0. 998 


2. 639 


-2.639 


1.00 


0. 02 


ATOM 


56 


HM2 


VAL 


5 


-0.117 


4 .449 


0.533 


1.00 


0.02 


ATOM 


57 


HM2 


VAL 


5 


-0.402 


2.766 


1.038 


1.00 


0.02 


ATOM 


58 


HM2 


VAL 


5 


1.260 


3.391 


0.922 


1. 00 


0.02 


ATOM 


59 


N 


CYS 


6 


1.810 


0.062 


0.531 


1. 00 


-0.36 


ATOM 


60 


CA 


CYS 


6 


1. 614 


-0. 954 


1.552 


1. 00 


0. 06 


ATOM 


61 


C 


CYS 


6 


1.591 


-0.265 


2.917 


1.00 


0.45 


ATOM 


62 


o 


CYS 


6 


2.629 


-0.120 


3.561 


1.00 


-0.38 


ATOM 


63 


CB 


CYS 


6 


2.687 


-2.042 


1.480 


1.00 


-0.09 


ATOM 


64 


SG 


CYS 


6 


2.722 


-2. 984 


-0.089 


1. 00 


0.01 


ATOM 


65 


HN 


CYS 


6 


2.765 


0.278 


0.328 


1.00 


0.18 


ATOM 


66 


HA 


CYS 


6 


0. 656 


-1.429 


1.341 


1.00 


0.02 


ATOM 


67 


HB1 


CYS 


6 


3. 663 


-1.581 


1. 632 


1. 00 


0.06 


ATOM 


68 


HB2 


CYS 


6 


2.533 


-2.740 


2.302 


1. 00 


0.06 


ATOM 


69 


N 


TYR 


7 


0.395 


0.141 


3.319 


1.00 


-0.36 


ATOM 


70 


CA 


TYR 


7 


0.223 


0.811 


4.597 


1.00 


0.06 


ATOM 


71 


C 


TYR 


7 


-0.451 


-0.112 


5.614 


1.00 


0.45 


ATOM 


72 


0 


TYR 


7 


-1. 063 


-1. Ill 


5.241 


1.00 


-0.38 


ATOM 


73 


CB 


TYR 


7 


-0. 693 


2.007 


4.326 


1. 00 


-0.04 


ATOM 


74 


CG 


TYR 


7 


-0. 115 


3.349 


4.781 


1.00 


0.02 


ATOM 


75 


CD1 


TYR 


7 


-0. 912 


4.248 


5.461 


1.00 


-0.01 


ATOM 


76 


CD2 


TYR 


7 


1.202 


3. 660 


4.511 


1.00 


-0.01 


ATOM 


77 


CE1 


TYR 


7 


-0.368 


5.510 


5. 889 


1.00 


-0.06 


ATOM 


78 


CE2 


TYR 


7 


1.745 


4.923 


4.939 


1.00 


-0.06 


ATOM 


79 


cz 


TYR 


7 


0. 933 


5.786 


5.607 


1.00 


0.23 


ATOM 


80 


OH 


TYR 


7 


1.447 


6.978 


6.012 


1.00 


-0.33 


ATOM 
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TYR 


7 


-0.444 


0.019 


2.790 


1.00 


0.18 | 
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HA 


HIS 


3 


0.479 


-3.536 


-4 .290 


1. 00 


0.02 


ATOM 


29 


HB1 


HIS 


3 


-1.147 


-2.862 


-6.134 


1.00 


0.01 


ATOM 


30 


HB2 


HIS 


3 


-1.656 


-4.118 


-5.023 


1.00 


0.01 


ATOM 


31 


HD2 


HIS 


3 


-3.575 


-3.176 


-3.004 


1. 00 


0.03 


ATOM 


32 


HE1 


HIS 


3 


-4 .796 


0.133 


-5.385 


1.00 


0.02 


ATOM 


33 


N 


ALA 


4 


-0.372 


-0.349 


-4 .551 


1. 00 


-0.36 
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ATOM 


34 


CA 


ALA 


4 


0.134 


0.974 


-4.872 


1.00 


0.06 


ATOM 


35 


C 


ALA 


4 


0.560 


1.680 


-3.583 


1.00 


0.45 


ATOM 


36 


O 


ALA 


4 


1.313 


2.652 


-3.623 


1. 00 


-0.38 


ATOM 


37 


CB 


ALA 


4 


-0.933 


1.757 


-5.640 


1. 00 


-0. 09 


ATOM 


38 


HN 


ALA 


4 


-1.349 


-0.388 


-4.339 


1.00 


0.18 


ATOM 


39 


HA 


ALA 


4 


1.007 


0.849 


-5.514 


1.00 


0. 02 


ATOM 


40 


HM 


ALA 


4 


-0.552 


2.748 


-5.885 


1.00 


0.04 


ATOM 


41 


HM 


ALA 


4 


-1.182 


1.226 


-6. 560 


1. 00 


0.04 


ATOM 


42 


HM 


ALA 


4 


-1. 827 


1.853 


-5.024 


1. 00 


0. 04 


ATOM 


43 


N 


VAL 


5 


0.059 


1.164 


-2.471 


1.00 


-0.36 


ATOM 


44 


CA 


VAL 


5 


0.378 


1.732 


-1.172 


1.00 


0.06 


ATOM 


45 


C 


VAL 


5 


0.483 


0.608 


-0.140 


1. 00 


0.45 


ATOM 


46 


O 


VAL 


5 


-0.417 


-0.223 


-0.027 


1.00 


-0.38 


ATOM 


47 


CB 


VAL 


5 


-0. 659 


2.793 


-0.797 


1.00 


0. 01 


ATOM 


48 


CGI 


VAL 


5 


-2.077 


2.221 


-0. 861 


1.00 


-0. 07 


ATOM 


49 


CG2 


VAL 


5 


-0.367 


3.380 


0.586 


1. 00 


-0.07 


ATOM 


50 


HN 


VAL 


5 


-0.553 


0.373 


-2.447 


1.00 


0.18 


ATOM 


51 


HA 


VAL 


5 


1.347 


2.223 


-1.257 


1.00 


0.02 


ATOM 


52 


HB 


VAL 


5 


-0.590 


3.601 


-1.525 


1.00 


0.02 


ATOM 


53 


HM1 


VAL 


5 


-2.261 


1.819 


-1.857 


1.00 


0.02 


ATOM 


54 


HM1 


VAL 


5 


-2.182 


1.426 


-0.123 


1.00 


0.02 


ATOM 


55 


HM1 


VAL 


5 


-2.797 


3.011 


-0.649 


1.00 


0. 02 


ATOM 


56 


HM2 


VAL 


5 


-1.048 


4.209 


0.780 


1.00 


0.02 


ATOM 


57 


HM2 


VAL 


5 


-0.506 


2.610 


1.344 


1.00 


0.02 


ATOM 


58 


HM2 


VAL 


5 


0.662 


3.740 


0.617 


1. 00 


0.02 


ATOM 


59 


N 


CYS 


6 


1.591 


0.618 


0.587 


1.00 


-0.36 


ATOM 


60 


CA 


CYS 


6 


1.826 


-0.391 


1. 606 


1.00 


0.06 


ATOM 


61 


C 


CYS 


6 


2.909 


0.127 


2.554 


1.00 


0.45 


ATOM 


62 


O 


CYS 


6 


4.091 


-0.160 


2.369 


1.00 


-0.38 


ATOM 


63 


CB 


CYS 


6 


2.204 


-1.740 


0.991 


1.00 


-0.09 


ATOM 


. 64 


SG 


CYS 


6 


1.734 


-3.199 


1. 990 


1.00 


0.01 


ATOM 


65 


HN 


CYS 


6 


2.318 


1.297 


0.489 


1.00 


0.18 


ATOM 


66 


HA 


CYS 


6 


0.882 


-0.528 


2.134 


1.00 


0.02 


ATOM 


67 


HB1 


CYS 


6 


1.733 


-1.821 


0.011 


1.00 


0.06 


ATOM 


68 


HB2 


CYS 


6 


3.282 


-1.760 


0.829 


1.00 


0.06 


ATOM 


69 


N 


TYR 


7 


2.467 


0. 882 


3.550 


1.00 


-0.36 | 


ATOM 


70 


CA 


TYR 


7 


3.384 


1.444 


4.527 


1.00 


0.06 


ATOM 


71 


C 


TYR 


7 


4 .397 


0.396 


4 . 994 


1.00 


0.45 


ATOM 


72 


O 


TYR 


7 


5.595 


0.535 


4.753 


1.00 


-0.38 


ATOM 


73 


CB 


TYR 


7 


2.522 


1. 869 


5.718 


1.00 


-0.04 1 


ATOM 


74 


CG 


TYR 


7 


1.870 


3.243 


5.555 


1.00 


0. 02 


ATOM 


75 


CD1 


TYR 


7 


2.653 


4.378 


5.513 


1.00 


-0. 01 


ATOM 


76 


CD2 


TYR 


7 


0.498 


3.347 


5.449 


1.00 


-0.01 


ATOM 


77 


CE1 


TYR 


7 


2 . 039 


5. 672 


5.359 


1.00 


-0.06 


ATOM 


78 


CE2 


TYR 


7 


-0. 117 


4 . 640 


5.295 


1.00 


-0.06 


ATOM 


79 


CZ 


TYR 


7 


0. 684 


5.739 


5.258 


1.00 


0.23 


ATOM 


80 


OH 


TYR 


7 


0.104 


6.960 


5.113 


1.00 


-0.33 


ATOM 


81 


HN 


TYR 


7 


1.504 


1.111 


3. 693 


1.00 


0.18 


ATOM 


82 


HA 


TYR 


7 


3.917 


2.268 


4.054 


1.00 


0.02 


ATOM 


83 


HB1 


TYR 


7 


1.742 


1. 123 


5. 873 


1. 00 


0. 02 


ATOM 


84 


HB2 


TYR 


7 


3.140 


1.876 


6.616 


1.00 


0.02 


ATOM 


85 


HD1 


TYR 


7 


3.737 


4.296 


5.597 


1.00 


0.01 


ATOM 


86 


HD2 


TYR 


7 


-0. 121 


2-450 


5. 482 


1.00 


0.01 


ATOM 


87 


HE1 


TYR 


7 


2.646 


6.576 


5.325 


1.00 


0.03 


ATOM 


88 


HE2 


TYR 


7 


-1. 199 


4.736 


5.211 


1.00 


0.03 


ATOM 


89 


HH 


TYR 


7 


-0.889 


6. 861 


5.046 


1.00 


0. 16 


ATOM 


90 


N 


NCC 


8 


3.878 


-0.629 


5. 654 


1.00 


-0.39 


ATOM 


91 


HI 


NCC 


8 


2.892 


-0. 675 


5. 812 


1.00 


0.19 
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APPENDIX 3 



N-Ac -CHAVDC -NH,, Model 1 



N-Ac-CHAVDC 


-NH 2 
















MODEL 




1 
















REMARK 


CONFORMATION 


7 ENERGY 


0.16509E+02 KCAX/MOLE 






ATOM 


1 


HM 


ACE 


1 


-0.594 


-1.058 


2. 116 


0.26 


0.02 


ATOM 


2 


HM 


ACE 


1 


-0.154 


-2.630 


1. 4 07 


0.26 


0.02 


ATOM 


3 


HM 


ACE 


1 


-1.860 


-2.124 


1. 459 


0.26 


0.02 


ATOM 


4 


CA 


ACE 


1 


-0.833 


-1.780 


1. 335 


-1.66 


-0.13 


ATOM 


5 


0 


ACE 


1 


-1.172 


-1.655 


-1. 002 


-4.97 


-0.39 


ATOM 


6 


C 


ACE 


1 


-0.682 


-1.136 


0. 000 


5.85 


0.45 


ATOM 


7 


N 


CYS 


2 


0.000 


0.000 


0. 000 


-4.59 


-0.36 


ATOM 


8 


HN 


CYS 


2 


-0.380 


0.940 


0. 000 


2.27 


0.18 


ATOM 


9 


CA 


CYS 


2 


1.453 


0.000 


0. 000 


0.82 


0.06 


ATOM 


10 


HA 


CYS 


2 


1.766 


0.903 


0. 524 


0.26 


0.02 


ATOM 


11 


CB 


CYS 


2 


2.019 


-1.194 


0. 772 


-1.16 


-0.09 


ATOM 


12 


C 


CYS 


2 


1.933 


0.020 


-1 . 452 


5.80 


0.45 


ATOM 


13 


0 


CYS 


2 


1.482 


-0.781 


-2.270 


-4.95 


-0.38 


ATOM 


14 


HB1 


CYS 


2 


1.646 


-1.156 


1. 796 


0.71 


0.06 


ATOM 


15 


HB2 


CYS 


2 


1.635 


-2.111 


0. 326 


0.71 


0.06 


ATOM 


16 


SG 


CYS 


2 


3.846 


-1.283 


0. 816 


0.13 


0.01 


ATOM 


17 


N 


HIS 


3 


2.843 


0.943 


-1.729 


-4.59 


-0.36 


ATOM 


18 


HN 


HIS 


3 


3.205 


1.590 


-1 . 058 


2.27 


0.18 


ATOM 


19 


CA 


HIS 


3 


3.389 


1.078 


-3 . 069 


0.82 


0.06 


ATOM 


20 


HA 


HIS 


3 


2.565 


0.905 


-3.761 


0.26 


0.02 


ATOM 


21 


CB 


HIS 


3 


3.907 


2.498 


-3 . 304 


-0.51 


-0.04 


ATOM 


22 


C 


HIS 


3 


4.462 


0.010 


-3.295 


5.80 


0.45 


ATOM 


23 


0 


HIS 


3 


4.568 


-0.546 


-4 . 387 


-4.95 


-0.38 


ATOM 


24 


HB1 


HIS 


3 


4.870 


2.610 


-2.806 


0.19 


0.01 


ATOM 


25 


HB2 


HIS 


3 


4.082 


2.638 


-4 . 371 


0.19 


0.01 


ATOM 


26 


CG 


HIS 


3 


2. 975 


3.580 


-2 .815 


0.71 


0.06 


ATOM 


27 


ND1 


HIS 


3 


1. 878 


4 .010 


-3 . 542 


-3.22 


-0.25 


ATOM 


28 


CD2 


HIS 


3 


2. 986 


4.315 


-1 . 666 


1.03 


0.08 


ATOM 


29 


DDI 


HIS 


3 


1.596 


3.662 


-4.436 


1.93 


0.15 


ATOM 


30 


CE1 


HIS 


3 


1.265 


4 . 960 


-2 . 852 


2.45 


0. 19 


ATOM 


31 


NE2 


HIS 


3 


1.954 


5.148 


-1.690 


-3.09 


-0.24 


ATOM 


32 


HD2 


HIS 


3 


3.719 


4.231 


-0.864 


0.45 


0.03 


ATOM 


33 


HE1 


HIS 


3 


0.368 


5.498 


-3.159 


0.26 


0.02 




34 


N 


ALA 


4 


5.230 


-0.244 


-2.245 


-4.59 


-0.36 


ATOM 


35 


HN 


ALA 


4 


5.136 


0.213 


-1.361 


2 . 27 


0 . 18 


ATOM 


36 


CA 


ALA 


4 


6.290 


-1.234 


-2.316 


0.82 


0.06 


ATOM 


37 


HA 


ALA 


4 


6.709 


-1.201 


-3.322 


0.26 


0.02 


ATOM 


38 


CB 


ALA 


4 


7.389 


-0.878 


-1.313 


-1.17 


-0.09 


ATOM 


39 


C 


ALA 


4 


5.701 


-2.624 


-2.067 


5.80 


0.45 


ATOM 


40 


O 


ALA 


4 


4.483 


-2.798 


-2.079 


-4.95 


-0.38 


ATOM 


41 


HM 


ALA 


4 


8.304 


-1.411 


-1.572 


0.52 


0.04 


ATOM 


42 


HM 


ALA 


4 


7.574 


0.195 


-1.342 


0.52 


0.04 


ATOM 


43 


HM 


ALA 


4 


7.073 


-1.166 


-0.310 


0.52 


0.04 


ATOM 


44 


N 


VAX 


5 


6.593 


-3.579 


-1.847 


-4.5*9 • 


-0.36 


ATOM 


45 


HN 


VAX 


5 


7.582 


-3.430 


-1.838 


2.27 


0.18 


ATOM 


46 


CA 


VAX 


5 


6.177 


-4.948 


-1.595 


0.82 


0.06 


ATOM 


47 


HA 


VAX 


5 


5.233 


-5.106 


-2. 117 


0.26 


0.02 


ATOM 


48 


CB 


VAX 


5 


7 . 2 05 


-5. 922 


-2. 173 


0.10 


0. 01 


ATOM 


49 


C 


VAX 


5 


5. 949 


-5.140 


-0.094 


5.80 


0. 45 
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25 



ATOM 


50 


O 


VAL 


5 


5.053 


-5.879 


0.312 


-4.95 


-0.38 


ATOM 


51 


HB 


VAL 


5 


8.150 


-5.759 


-1.654 


0.21 


0.02 


ATOM 


52 


CG2 


VAL 


5 


7.436 


-5.658 


-3. 662 


-0. 92 


-0.07 


ATOM 


53 


CGI 


VAL 


5 


6.782 


-7.373 


-1. 932 


-0.92 


-0.07 


ATOM 


54 


HM1 


VAL 


5 


6.779 


-7.578 


-0.862 


0.32 


0.02 


ATOM 


55 


HM1 


VAL 


5 


5.782 


-7.531 


-2.336 


0.32 


0.02 


ATOM 


56 


HM1 


VAL 


5 


7.484 


-8. 043 


-2.428 


0.32 


0.02 


ATOM 


57 


HM2 


VAL 


5 


6.488 


-5.735 


-4.195 


0.32 


0.02 


ATOM 


58 


HM2 


VAL 


5 


7.846 


-4. 657 


-3.794 


0.32 


0.02 


ATOM 


59 


HM2 


VAL 


5 


8.136 


-6.393 


-4.057 


0.32 


0.02 


ATOM 


60 


N 


ASP 


6 


6.775 


-4.461 


0.689 


-4.59 


-0.36 


ATOM 


61 


HN 


ASP 


6 


7.500 


-3.863 


0.350 


2.27 


0.18 


ATOM 


62 


CA 


ASP 


6 


6.674 


-4.548 


2.136 


0.82 


0.06 


ATOM 


63 


HA 


ASP 


6 


5.653 


-4.874 


2.333 


0.26 


0.02 


ATOM 


64 


CB 


ASP 


6 


7.682 


-5.551 


2.699 


-1.29 


-0.10 


ATOM 


65 


C 


ASP 


6 


6.979 


-3.178 


2.746 


5.80 


0.45 


ATOM 


66 


O 


ASP 


6 


8.141 


-2.797 


2.876 


-4.95 


-0.38 


ATOM 


67 


HB1 


ASP 


6 


7.476 


-6.531 


2.268 


0.78 


0. 06 


ATOM 


68 


HB2 


ASP 


6 


8.681 


-5.264 


2.371 


0.78 


0. 06 


ATOM 


69 


CG 


ASP 


6 


7.686 


-5.678 


4.223 


6.44 


0.50 


ATOM 


70 


OD2 


ASP 


6 


6.707 


-6.359 


4.716 


-4.51 


-0.35 


ATOM 


71 


OD1 


ASP 


6 


8.578 


-5.153 


4.906 


-4.64 


-0.36 


ATOM 


72 


DD2 


ASP 


6 


6.781 


-6.392 


5.713 


2.83 


0.22 


ATOM 


73 


N 


CYS 


7 


5.915 


-2.476 


3.105 


-4.59 


-0.36 


ATOM 


74 


HN 


CYS 


7 


4.972 


-2.793 


2.996 


2.27 


0.18 


ATOM 


75 


CA 


CYS 


7 


6.054 


-1.157 


3. 699 


0.82 


0.06 


ATOM 


76 


HA 


CYS 


7 


6.822 


-0.636 


3.128 


0.26 


0.02 


ATOM 


77 


CB 


CYS 


7 


4 .764 


-0.342 


3.576 


-1 . 16 




ATOM 


78 


C 


CYS 


7 


6.483 


-1.330 


5.157 


5.80 


0.45 


ATOM 


79 


o 


CYS 


7 


t . bi. / 


— 1 . 014 


5 . 516 


-4 . 95 


-0.38 


ATOM 


80 


HB1 


CYS 


7 


3.925 


-0.969 


3.877 


0.71 


0.06 


ATOM 


81 


HB2 


CYS 


7 


4.809 


0.490 


4.279 


0.71 


0.06 


ATOM 


82 


SG 


CYS 


7 


4.431 


0.320 


1.903 


0.13 


0.01 


ATOM 


83 


N 


NCC 


8 


5.555 


-1.830 


5.959 


-5.02 


-0.39 


ATOM 


84 


HI 


NCC 


8 


4.653 


-2.063 


5.595 


2.51 


0.19 


ATOM 


85 


H2 


NCC 


8 


5.755 


-1.974 


6.928 


2.51 


0.19 


TER 
















ENDMDL 





















40 N-Ac-CHAVDC-NH 2 , Model 2 



N-Ac-CHAVDC- 


-NH 2 
















MODEL 




2 
















REMARK 


CONFORMATION 


8 ENERGY 


0.16581E+02 KCAL/MOLE 






ATOM 


1 


HM 


ACE 


1 


-0.591 


-1.059 


2.116 


0.26 


0.02 


ATOM 


2 


HM 


ACE 


1 


-0.157 


-2. 632 


1.406 


0.26 


0.02 


ATOM 


3 


HM 


ACE 


1 


-1.861 


-2.120 


1.461 


0.26 


0.02 


ATOM 


4 


CA 


ACE 


1 


-0.833 


-1.780 


1.335 


-1.66 


-0.13 


ATOM 


5 


O 


ACE 


1 


-1.172 


-1.655 


-1.002 


-4.97 


-0.39 


ATOM 


6 


C 


ACE 


1 


-0.682 


-1.136 


0.000 


5. 85 


0.45 


ATOM 


7 


N 


CYS 


2 


0.000 


0.000 


0.000 


-4.59 


-0.36 


ATOM 


8 


HN 


CYS 


2 


-0.380 


0.940 


0.000 


2.27 


0.18 


ATOM 


9 


CA 


CYS 


2 


1.453 


0.000 


0. 000 


0.82 


0.06 


ATOM 


10 


HA 


CYS 


2 


1.766 


0. 904 


0.523 


0.26 


0.02 


ATOM 


11 


CB 


CYS 


2 


2.019 


-1. 193 


0.773 


-1.16 


-0.09 


ATOM 


12 


C 


CYS 


2 


1.933 


0.019 


-1.452 


5.80 


0.45 
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ATOM 
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ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
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13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
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49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 



O CYS 
HB1 CYS 
HB2 CYS 
SG CYS 



N 
HN 
CA 
HA 
CB 
C 
O 



HIS 
HIS 
HIS 
HIS 
HIS 
HIS 
HIS 



HB1 HIS 
HB2 HIS 
CG HIS 
ND1 HIS 
CD2 HIS 
DDI HIS 
CE1 HIS 
NE2 HIS 
HD2 HIS 
HE1 HIS 



N 

HN 

C A 

HA 

CB 

C 

O 

HM 
HM 
HM 
N 

HN 
CA 
HA 
CB 
C 

o 

HB 



ALA 

ALA 

ALA 

ALA 

ALA 

ALA 

ALA 

ALA 

ALA 

ALA 

VAL 

VAL 

VAL 

VAL 

VAL 

VAL 

VAL 

VAL 



CG2 VAL 
CGI VAL 
HM1 VAL 
HM1 VAL 
HM1 VAL 
HM2 VAL 
HM2 VAL 
HM2 VAL 
N ASP 
HN ASP 



CA 

HA 

CB 

C 

O 



ASP 
ASP 
ASP 
ASP 
ASP 



HB1 ASP 
HB2 ASP 
CG ASP 
OD2 ASP 



2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 



1.481 - 
1.646 - 
1.635 - 
3.846 - 
2.844 
3.207 
3.390 
2.564 
3.921 
4.453 
4.547 
4.885 
4.098 
2.999 
1.901 
3.022 
1.612 
1.299 
1.995 
3.759 
0.404 
5.226 
5.143 
6.278 
6.683 
7.393 
5.682 
4.463 
7.089 
8.301 
7.583 
6.569 
7.558 
6.145 
5.194 
7.160 
5.934 
5.039 
8.112 
7.374 
6.729 
6.737 
5.722 
7.419 
6.420 
7.788 
8.067 
6.773 
7.499 
6.690 
5.673 
7.710 
6.994 
8.155 
7.505 
8.703 
7.729 
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1.155 

2.111 
1.282 
0.941 
1.588 
1.075 
0.913 
2.491 
-0.002 
•0.562 
2.592 
2.632 
581 
016 
317 
668 
972 
158 
230 
515 
-0.259 
0.202 
-1.258 
-1.238 
-0.901 
-2.641 
-2.807 
-1.179 
-1.442 
0.171 
-3.598 
-3.455 
-4 .962 
-5.118 
-5.950 
-5.135 
-5.864 
-5.788 
-5.703 
-7.394 
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1. 

0. 

0. 
-1. 
-1 
-3 
-3 
-3 
-3 
-4 
-2 
-4 
-2 
-3 
-1 



270 - 
796 
328 
817 
729 • 
058 
069 
761 
,300 
.300 
.391 
.801 
.366 
.808 
.530 
.660 
-4.422 
-2.838 
-1. 680 
-0.862 
-3.142 
-2.255 
-1.371 
-2.330 
-3.342 
-1.345 
-2.060 
-2.063 
-0.336 
-1.613 
-1.385 
-1. 832 



•4.95 
0.71 
0.71 
0. 13 

-4.59 
2.27 
0.82 
0.26 

-0.51 
5 



80 
95 
19 
19 
71 
22 
03 
.93 
2.45 
3.09 
0.45 
0.26 
•4.59 
2.27 
0.82 
0.26 
-1.17 



-0.38 
0.06 
0.06 
0.01 

-0.36 
0.18 
0.06 
0.02 

-0.04 
0.45 

-0.38 
0.01 
0.01 



0. 
-0, 
0 
0 
0 



06 
25 
08 
15 
19 



831 
,560 
.068 
.139 



5 
-4 
0 
0 
0 
-4 
2 



-7 



588 
-7.549 
-8. 075 
-5.782 
-4.705 
-6.446 
-4.453 
-3.862 
-4.522 
-4.852 
-5.514 
-3.144 
-2.756 
-6.499 
-5.223 
-5.624 
-6.307 



-0.055 
0.370 
-1.633 
-3.634 
-1.878 
-0. 805 
-2.267 
-2.376 
-4. 155 
-3.782 
-4. 029 
0.711 
0.357 
2.160 
2.372 
2.723 
2.750 
2.865 
2.305 
2.383 
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80 
95 
52 
52 
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27 
0.82 
0.26 
0.10 
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-4.95 
0.21 
-0.92 
-0.92 
0.32 
0.32 
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-0.24 
0.03 
0.02 
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0.18 
0.06 
0.02 
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-0.38 
0.04 
0.04 
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.01 
.45 
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0. 
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-2.145 
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ACE 
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-2.599 


-1. 


435 
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ATOM 
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CA 


ACE 
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-1.771 


-1. 


338 
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-0.13 




ATOM 
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ACE 
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004 
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ACE 
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HA 
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ATOM 


11 


CB 
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448 
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-0.38 
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1.702 


-2.075 


-0. 


481 


0.71 


0.06 
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15 
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1.582 


-1.025 


-1. 
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3. 842 
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0.13 
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-1.560 


-5. 


017 


5.80 


0.45 


ATOM 


50 
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VAL 
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4.877 


-2.203 


-5. 


538 


-4.95 


-0.38 


ATOM 


51 
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VAL 
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7.894 


-0.251 


-6. 


238 


0.21 


0.02 


ATOM 


52 
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VAL 


5 


7.119 


1.672 


-6. 


743 


-0.92 


-0.07 


ATOM 


53 
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VAL 
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6.435 


-0.527 


-7. 


772 


-0.92 


-0.07 
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ATOM 
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6.898 


-3.077 
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4.853 
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CLAIMS 



What is claimed is: 



1. 



A cell adhesion modulating agent comprising the structure 



provided in compound 1 . 



2. 



A cell adhesion modulating agent comprising the structure 



provided in compound 2. 



3. A cell adhesion modulating agent comprising the structure 
provided in compound 3. 

4. A cell adhesion modulating agent comprising the structure 
provided in compound 4. 

5. A cell adhesion modulating agent comprising the structure 
provided in compound 5. 

6. A cell adhesion modulating agent comprising the structure 
provided in compound 6. 



7. 



A cell adhesion modulating agent comprising the structure 



provided in compound 7. 



8. 



A cell adhesion modulating agent comprising the structure 



provided in compound 8. 



9. 



A cell adhesion modulating agent comprising the structure 



provided in compound 9. 
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10. A cell adhesion modulating agent comprising the structure 
provided in compound 10. 

11. A cell adhesion modulating agent comprising the structure 
provided in compound 11. 

12. A cell adhesion modulating agent comprising the structure 
provided in compound 12. 

13. A method for screening a candidate compound for the ability to 
modulate classical cadherin-mediated cell adhesion, comprising comparing a three- 
dimensional structure of a candidate compound to a three-dimensional structure of a 
cyclic peptide that comprises the sequence His-Ala-Val within a cyclic peptide ring, 
wherein similarity between the structure of the candidate compound and the structure of 
the cyclic peptide is indicative of the ability of the candidate compound to modulate 
classical cadherin-mediated cell adhesion, and therefrom evaluating the ability of the 
candidate compound to modulate classical cadherin-mediated cell adhesion. 

A method according to claim 13, wherein the cyclic peptide has 

(Y^CXO-His-Ala-Val-P^HYa) 
I I 

wherein X|, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues X, and X 2 ; and wherein Y, and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 



14. 

the formula: 
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15. A method according to claim 14, wherein the cyclic peptide is N- 
Ac-CHAVC-NH 2 (SEQ ID NO: 10), N-Ac-CSHAVC-NH 2 (SEQ ID NO:36) or N-Ac- 
CHAVC -Y-NH, (SEQ ID NO:81). 

1 6. A method according to claim 14, wherein the cyclic peptide is N- 
Ac -CHAVDC -NH? (SEQ ID NO:20). 

17. A method according to claim 13, wherein the step of comparing 
is performed visually. 

18. A method according to claim 13, wherein the step of comparing 
is performed computationally. 

19. A method according to claim 13, wherein the candidate 
compound is selected from a database of three-dimensional structures. 

20. A method according to claim 19, wherein the three-dimensional 
structure of the candidate compound is determined experimentally. 

21. A method according to claim 19, wherein the three-dimensional 
structure of the candidate compound is computer-generated. 

22. A method according to claim 13, wherein the step of comparing 
the three-dimensional structures comprises a step of defining atom equivalencies 
between the cyclic peptide and the candidate compound. 

23. A method for screening a candidate compound for the ability to 
modulate classical cadherin-mediated cell adhesion, comprising comparing a two- 
dimensional structure of a candidate agent to a two-dimensional structure of a 
compound identified according to the method of claim 13, wherein similarity between 
the structure of the candidate agent and the structure of the compound is indicative of 
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the ability of the candidate agent to modulate classical cadherin-mediated cell adhesion, 
and therefrom evaluating the ability of the candidate agent to modulate classical 
cadherin-mediated cell adhesion. 

24. A method for identifying a compound that modulates classical 
cadherin-mediated cell adhesion, comprising: 

(a) determining a level of similarity between a three-dimensional 
structure of a candidate compound and a three-dimensional structure of a cyclic peptide 
that comprises the sequence His-Ala-Val within a cyclic peptide ring; and 

(b) identifying an alteration in the structure of the candidate 
compound that results in a three-dimensional structure with an increased similarity to 
the three-dimensional structure of the cyclic peptide; and therefrom identifying a 
compound that has the ability to modulate classical cadherin-mediated cell adhesion. 

25. A method according to claim 24, wherein the cyclic peptide has 

the formula: 

(Y,)-(X,)-His-Ala-Val-(X2)-(Y 2 ) 

i I 

wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

26. A method according to claim 25, wherein the cyclic peptide is N- 
Ac -CHAVC -NH? (SEQ ID NO:10), N-Ac-CSHAVC-NH 2 (SEQ ID NO:36) or N-Ac- 
CHAVC-Y-NH 2 (SEQ ID NO:81). 

27. A method according to claim 25, wherein the cyclic peptide is N- 
Ac-CHAVDC-NH? (SEQ ID NO:20). 
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28. A method according to claim 24, wherein the step of determining 
a level of similarity is performed visually. 

29. A method according to claim 24, wherein the step of determining 
a level of similarity is performed using a computationally. 

30. A method according to claim 24, wherein the candidate 
compound is selected from a database of three-dimensional structures. 



31. A method according to claim 24, wherein the three-dimensional 
structure of the altered candidate compound is computer generated. 

32. A method according to claim 24, further comprising a step of 
identifying a second alteration in the structure of the candidate compound that results in 
a three-dimensional structure with a further increased similarity to the three- 
dimensional structure of the cyclic peptide. 

33. A method according to claim 24, wherein the level of similarity is 
determined by a method comprising the step of identifying atom equivalencies. 

34. A method according to claim 24, wherein the alteration results in 
a change in one or more parameters selected from the group consisting of 
hydrophobicity, steric bulk, electrostatic properties, size and bond angle. 



35. A machine-readable data storage medium, comprising a data 
storage material encoded with a set of NMR derived coordinates that define a three- 
dimensional structure of a cyclic peptide having the formula: 

(Y,)-(X,).His.Ala-Val.pC 2 HY 2 ) 
I I 
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wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

36. A data storage medium according to claim 35, wherein the cyclic 
peptide is N-Ac-CRAVC-NH 2 (SEQ ID NO: 10), N-Ac -CSHAVC -NHo (SEQ ID 
NO:36) or N-Ac-CHAVC-Y-NH 2 (SEQ ID NO:81). 

37. A data storage medium according to claim 35, wherein the cyclic 
peptide is N-Ac-CHAVDC-NH 2 (SEQ ID NO:20). 

38. A method for modulating classical cadherin-mediated 
intercellular adhesion, comprising contacting a classical cadherin-expressing cell with a 
cell adhesion modulating agent that comprises a peptidomimetic having a three- 
dimensional structure that is substantially similar to a three-dimensional structure of a 
cyclic peptide that comprises the sequence His-Ala-Val within a cyclic peptide ring, and 
thereby modulating classical cadherin-mediated intercellular adhesion of the cell. 

39. A method according to claim 38, wherein the cyclic peptide has 

the formula: 

(Y,HX,)-His-Ala-Val-(X 2 )-(Y2) 
I I 

wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yj and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 
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40. A method according to claim 39, wherein the cyclic peptide is N- 
Ac-CHAVC-NH 2 (SEQ ID NO: 10), N-Ac -CHAVDC -NH, (SEQ ID NO:20), N-Ac- 
CSHAVC-NH 2 (SEQ ID NO:36) or N-Ac -CHAVC - Y-NH, (SEQ ID NO:81). 

41. A method according to claim 39, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11,13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31AI. 

42. A method according to claim 38, wherein the cell adhesion 
modulating agent inhibits cell adhesion. 

43. A method according to claim 38, wherein the cell adhesion 
modulating agent is present within a pharmaceutical composition comprising a 
physiologically acceptable carrier. 

44. A method for reducing unwanted cellular adhesion in a mammal, 
comprising administering to a mammal a cell adhesion modulating agent that inhibits 
cadherin-mediated cell adhesion, wherein the modulating agent comprises a 
peptidomimetic having a three-dimensional structure that is substantially similar to a three- 
dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val within a 
cyclic peptide ring, and thereby reducing unwanted cellular adhesion in the mammal. 

A method according to claim 44, wherein the cyclic peptide has 

(Y,).(X,).His-Ala-Val.(X 2 )-(Y 2 ) 
I I 

wherein X|, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
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amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

46. A method according to claim 45, wherein the cyclic peptide is N- 
Ac-CHAVC-NH 2 (SEQ ID NO: 10) 5 N-Ac -CHAVDC -NH? (SEQ ID NO:20), N-Ac- 
CSHAVC -NH? (SEQ ID NO:36) or N-Ac-~CHAVC-Y-NH 2 (SEQ ID NO:81). 

47. A method according to claim 44, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31 AI. 

48. A method according to claim 44, wherein the modulating agent is 
linked to a targeting agent. 

49. A method according to claim 44, wherein the modulating agent is 
present within a pharmaceutical composition comprising a physiologically acceptable 
carrier. 

50. A method for enhancing the delivery of a drug to a tumor in a 
mammal, comprising administering to a mammal: 

(a) a cell adhesion modulating agent that inhibits cadherin-mediated 
cell adhesion, wherein the modulating agent comprises a peptidomimetic having a three- 
dimensional structure that is substantially similar to a three-dimensional structure of a 
cyclic peptide that comprises the sequence His-Ala-Val within a cyclic peptide ring ; and 

(b) a drug; 

and thereby enhancing the delivery of the drug to a tumor in the 

mammal. 
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51. A method according to claim 50, wherein the cyclic peptide has 

the formula: 

(YO-CXO-His-Ala-Val-CXzHYz) 
I I 

wherein Xi, and X2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X2; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds 

52. A method according to claim 5 1 , wherein the cyclic peptide is N- 
Ac -CHAVC -NHi (SEQ ID NO: 10), N-Ac-CHAVDC-NH 2 (SEQ ID NO:20), N-Ac- 
CSHAVC -NH? (SEQ ID NO:36) or N-Ac-CHAVC-Y-NH 2 (SEQ ID NO:81). 

53. A method according to claim 51, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11,13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31AI. 

54. A method according to claim 50, wherein the tumor is selected 
from the group consisting of bladder tumors, ovarian tumors and melanomas. 

55. A method according to claim 50, wherein the modulating agent is 
administered to the tumor. 

56. A method according to claim 50, wherein the modulating agent is 
administered systemically. 

57. A method according to claim 50, wherein the modulating agent is 
linked to a targeting agent. 
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58. A method according to claim 50, wherein the modulating agent is 
linked to the drug. 



59. A method according to claim 50, wherein the modulating agent 
and the drug are present within a pharmaceutical composition comprising a 
physiologically acceptable carrier. 

60. A method for inhibiting the development of a cancer in a mammal, 
comprising administering to a mammal a cell adhesion modulating agent that inhibits 
cadherin-mediated cell adhesion, wherein the modulating agent comprises a 
peptidomimetic having a three-dimensional structure that is substantially similar to a three- 
dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val within a 
cyclic peptide ring, and thereby inhibiting the development of a cancer in the mammal. 

A method according to claim 60, wherein the cyclic peptide has 

(Y 1 )-(X,)-His-Ala-Val-(X 2 )-(Y 2 ) 
I I 

wherein X u and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues X! and X 2 ; and wherein Y, and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

62. A method according to claim 61, wherein the cyclic peptide is N- 
Ac-CHAVC-NH 2 (SEQ ID NO: 10), N-Ac-CHAVDC-NH 2 (SEQ ID NO:20), N-Ac- 
CSHAVC-NH 2 (SEQ ID NO:36) or N-Ac-CHAVC- Y-NH 2 (SEQ ID NO:81). 



61. 
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63. A method according to claim 61, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31 A-31AL 

64. A method according to claim 60, wherein the cancer is selected 
from the group consisting of carcinomas, leukemias and melanomas. 

65. A method according to claim 60, wherein the modulating agent is 
linked to a targeting agent. 

66. A method according to claim 60, wherein the modulating agent is 
present within a pharmaceutical composition comprising a physiologically acceptable 
carrier. 

67. A method for inhibiting angiogenesis in a mammal, comprising 
administering to a mammal a modulating agent that inhibits cadherin-mediated cell 
adhesion, wherein the modulating agent comprises a peptidomimetic having a three- 
dimensional structure that is substantially similar to a three-dimensional structure of a 
cyclic peptide that comprises the sequence His-Ala-Val within a cyclic peptide ring, and 
thereby inhibiting angiogenesis in the mammal. 

68. A method according to claim 67, wherein the cyclic peptide has 

the formula: 

(YO-CXO-His-Ala-Val-^)^) 
I I 

wherein Xi, and X2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xj and X2; and wherein Yi and 
Y2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 



BNSDOCID: <WO 0153331 A3_l A > 



WO 01/053331 



PCT/US01/02508 



155 

69. A method according to claim 68, wherein the cyclic peptide is N- 
Ac-CHAVC-NH 2 (SEQ ID NO: 10), N-Ac -CHAVDC -NH, (SEQ ID NO:20), N-Ac- 
CSHAVC-NH 2 (SEQ ID NO:36) or N-Ac -CHAVC -Y-NH, (SEQ ID NO:81). 

70. A method according to claim 67, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11,13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31 A-31AI. 

71 . A method according to claim 67, wherein the modulating agent is 
linked to a target agent. 



72. A method according to claim 67, wherein the modulating agent is 
present within a pharmaceutical composition comprising a physiologically acceptable 
carrier. 

73. A method for enhancing drug delivery to the central nervous 
system of a mammal, comprising administering to a mammal a modulating agent that 
inhibits cadherin-mediated cell adhesion, wherein the modulating agent comprises a 
peptidomimetic having a three-dimensional structure that is substantially similar to a 
three-dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic peptide ring, and thereby enhancing drug delivery to the central nervous 
system of the mammal. 

A method according to claim 73, wherein the cyclic peptide has 

(Y0-(Xi)-His-Ala-Val-(X2>(Y 2 ) 
I I 

wherein X u and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
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amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

75. A method according to claim 74, wherein the cyclic peptide is N- 
Ac -CHAVC -NH? (SEQ ID NO: 10), N-Ac -CHAVDC -NH? (SEQ ID NO:20), N-Ac- 
CSHAVC -NH? (SEQ ID NO:36) or N-Ac-CH£A£-Y-NH 2 (SEQ ID NO:81). 

76. A method according to claim 73, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11,13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21 A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31AI. 

77. A method according to claim 73, wherein the modulating agent is 
linked to a targeting agent. 

78. A method according to claim 73, wherein the modulating agent is 
linked to a drug. 

79. A method according to claim 73, wherein the modulating agent is 
present within a pharmaceutical composition comprising a physiologically acceptable 
carrier. 

80. A method for enhancing wound healing in a mammal, comprising 
contacting a wound in a mammal with a modulating agent that enhances cadherin- 
mediated cell adhesion, wherein the modulating agent comprises a peptidomimetic 
having a three-dimensional structure that is substantially similar to a three-dimensional 
structure of a cyclic peptide that comprises the sequence His-Ala-Val within a cyclic 
peptide ring, and thereby enhancing wound healing in the mammal. 
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81. A method according to claim 80, wherein the cyclic peptide has 

the formula: 

(Y,)-(X|)-His-Ala-Val-(X 2 )-(Y 2 ) 
I | 

wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

82. A method according to claim 81, wherein the cyclic peptide is N- 
Ac -CHAVC -NH? (SEQ ID NO: 10), N-Ac-CHAVDC-NH 2 (SEQ ID NO:20), N-Ac- 
CSHAVC -NH, (SEQ ID NO:36) or N-Ac-CHAVC-Y-NH 2 (SEQ ID NO:81). 

83. A method according to claim 80, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11,13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31AL 

84. A method according to claim 80, wherein the modulating agent is 
linked to a targeting agent. 

85. A method according to claim 80, wherein the modulating agent 
is linked to a support material. 

86. A method according to claim 80, wherein the modulating agent is 
present within a pharmaceutical composition comprising a physiologically acceptable 
carrier. 

87. A method for enhancing adhesion of foreign tissue implanted 
within a mammal, comprising contacting a site of implantation of foreign tissue in a 
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mammal with a modulating agent that enhances cadherin-mediated cell adhesion, 
wherein the modulating agent comprises a peptidomimetic having a three-dimensional 
structure that is substantially similar to a three-dimensional structure of a cyclic peptide 
that comprises the sequence His-Ala-Val within a cyclic peptide ring, and thereby 
enhancing adhesion of foreign tissue in the mammal. 

88. A method according to claim 87, wherein the cyclic peptide has 

the formula: 

(Y,HXi)-His.Ala-Val-(X 2 >(Y2) 
I I 

wherein X J? and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

89. A method according to claim 88, wherein the cyclic peptide is N- 
Ac -CHAVC -NH? (SEQ ID NO: 10), N-Ac- CHAVDC -NH? (SEQ ID NO.20), N-Ac- 
CSHAVC -NH? (SEQ ID NO:36) or N-Ac -CHAVC -Y-NH? (SEQ ID NO:81). 

90. A method according to claim 87, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31AL 

91 . A method according to claim 87, wherein the modulating agent is 
linked to a targeting agent. 

92. A method according to claim 87, wherein the modulating agent 
is linked to a support material. 
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93. A method according to claim 87, wherein the foreign tissue is a 
skin graft or organ implant. 

94. A method according to claim 87, wherein the modulating agent is 
present within a pharmaceutical composition comprising a physiologically acceptable 
carrier. 

95. A method for modulating the immune system of a mammal, 
comprising administering to a mammal a cell adhesion modulating agent that inhibits 
cadherin-mediated cell adhesion, wherein the modulating agent comprises a 
peptidomimetic having a three-dimensional structure that is substantially similar to a three- 
dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val within a 
cyclic peptide ring, and thereby modulating the immune system of the mammal. 

96. A method according to claim 95, wherein the cyclic peptide has 

the formula: 

(Y,)-(X,)-His.Ala.Val-pC 2 ).(Y 2 ) 
1 I 

wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

97. A method according to claim 96, wherein the cyclic peptide is N- 
Ac -CHAVC -NH, (SEQ ID NO: 10), N-Ac-CHAVDC-NH 2 (SEQ ID NO:20), N-Ac- 
CSHAVC-NH 2 (SEQ ID NO:36) or N-Ac- ^HAVC -Y-NH, (SEQ ID NO:81). 
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98. A method according to claim 95, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31 A-31AL 

99. A method according to claim 95, wherein the modulating agent is 
linked to a targeting agent. 

100. A method according to claim 95, wherein the modulating agent is 
present within a pharmaceutical composition comprising a physiologically acceptable 
carrier. 

101. A method for increasing vasopermeability in a mammal, 
comprising administering to a mammal a cell adhesion modulating agent that inhibits 
cadherin-mediated eel! adhesion, wherein the modulating agent comprises a 
peptidomimetic having a three-dimensional structure that is substantially similar to a 
three-dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic peptide ring, and thereby increasing vasopermeability in the mammal. 

102. A method according to claim 101, wherein the cyclic peptide has 

the formula: 

(Y,)-(X0-His-Ala-Val-(X 2 )-(Y 2 ) 
I I 

wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Y\ and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 
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103. A method according to claim 102, wherein the cyclic peptide is 
N-Ac -CHAVC -NH? (SEQ ID NO: 10), N-Ac -CHAVDC -NH? (SEQ ID NO:20) 5 N-Ac- 
CSHAVC- NH? (SEQ ID NO:36) or N-Ac-£HAVC-Y-NH 2 (SEQ ID NO:81). 

104. A method according to claim 101, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11,13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31AL 

105. A method according to claim 101, wherein the modulating agent 
is present within a pharmaceutical composition comprising a physiologically acceptable 
carrier. 

106. A method for treating a demyelinating neurological disease in a 
mammal, comprising administering to a mammal: 

(a) a cell adhesion modulating agent that inhibits cadherin-mediated 
cell adhesion, wherein the modulating agent comprises a peptidomimetic having a three- 
dimensional structure that is substantially similar to a three-dimensional structure of a 
cyclic peptide that comprises the sequence His-Ala-Val within a cyclic peptide ring; and 

(b) one or more cells capable of replenishing an oligodendrocyte 

population; 

and thereby treating a demyelinating neurological disease in the 

mammal. 

107. A method according to claim 106, wherein the cyclic peptide has 

the formula: 

(Y,)-(X,)-His-Ala-Val-(X 2 HY 2 ) 
I I 

wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues X\ and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
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amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

108. A method according to claim 107, wherein the cyclic peptide is 
N-Ac-£HAVC-NH 2 (SEQ ID NO: 10), N-Ac -CHAVDC -NH? (SEQ ID NO:20), N-Ac- 
CSHAVC -NH? (SEQ ID NO:36) or N-Ac-CHAVC-Y-NH 2 (SEQ ID NO:81). 

1 09. A method according to claim 106, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31AI. 

110. A method according to claim 106, wherein the modulating agent 
is linked to a targeting agent. 

111. A method according to claim 106, wherein the modulating agent 
is linked to a drug. 

112. A method according to claim 106, wherein the cell is a Schwann 

cell. 

113. A method according to claim 106, wherein the cell is an 
oligodendrocyte progenitor cell or oligodendrocyte. 

114. A method according to claim 106, wherein the modulating agent 
is present within a pharmaceutical composition comprising a physiologically acceptable 
carrier. 

115. A method according to claim 1 06, wherein the disease is multiple 

sclerosis. 
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116. A method for facilitating migration of an N-cadherin expressing 
cell on astrocytes, comprising contacting an N-cadherin expressing cell with: 

(a) a cell adhesion modulating agent that inhibits cadherin-mediated 
cell adhesion, wherein the modulating agent comprises a peptidomimetic having a three- 
dimensional structure that is substantially similar to a three-dimensional structure of a 
cyclic peptide that comprises the sequence His-Ala-Val within a cyclic peptide ring; and 

(b) one or more astrocytes; 

and thereby facilitating migration of the N-cadherin expressing cell on 

the astrocytes. 

117. A method according to claim 116, wherein the cyclic peptide has 

the formula: 

(Y,)-(X,)-His-Ala-Val-(X2)-(Y 2 ) 
I I 

wherein X u and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xj and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

118. A method according to claim 117, wherein the cyclic peptide is 
N-Ac-CHAVC-NH 2 (SEQ ID NO: 10), N-Ac--CHAVDC-NH 2 (SEQ ID NO:20), N-Ac- 
CSHAVC -NH, (SEQ ID NO:36) or N-Ac -CHAVC -Y-NH, (SEQ ID NO:81). 

119. A method according to claim 1 1 6, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11,13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E,21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31AI. 

120. A method according to claim 116, wherein the modulating agent 
is linked to a targeting agent. 
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121. A method according to claim 116, wherein the N-cadherin 
expressing cell is a Schwann cell. 

122. A method according to claim 116, wherein the N-cadherin 
expressing cell is an oligodendrocyte progenitor cell or oligodendrocyte. 

123. A method for inhibiting synaptic stability in a mammal, 
comprising administering to a mammal a cell adhesion modulating agent that inhibits 
cadherin-mediated cell adhesion, wherein the modulating agent comprises a 
peptidomimetic having a three-dimensional structure that is substantially similar to a 
three-dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic peptide ring, and thereby inhibiting synaptic stability in the mammal. 

124. A method according to claim 123, wherein the cyclic peptide has 

the formula: 

(YO-CXO-His-Ala-Val-CXiHYa) 
I I 

wherein Xj, and X2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xj and X 2 ; and wherein Yi and 
Y2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

125. A method according to claim 124, wherein the cyclic peptide is 
N-Ac -CHAVC -NH? (SEQ ID NO: 10), N-Ac -CHAVDC -NH? (SEQ ID NO:20), N-Ac- 
CSHAVC -NH? (SEQ ID NO:36) or N-Ac-CHAVC- Y-NH2 (SEQ ID NO:81). 

126. A method according to claim 1 23, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11,13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31 A-31AI. 
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127. A method for modulating neurite outgrowth, comprising 
contacting a neuron with a modulating agent that comprises a peptidomimetic having a 
three-dimensional structure that is substantially similar to a three-dimensional structure 
of a cyclic peptide that comprises the sequence His-Ala-Val within a cyclic peptide ring, 
and thereby modulating neurite outgrowth. 

128. A method according to claim 127, wherein the cyclic peptide has 

the formula: 

(Y 1 >(X 1 )-His-Ala-Val-CX 2 )-(Y 2 ) 
I I 

wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Y| and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

129. A method according to claim 128, wherein the cyclic peptide is 
N-Ac -CHAVC -NH? (SEQ ID NO: 10), N-Ac- CHAVDC -NH? (SEQ ID NO:20), N-Ac- 
CSHAVC -NEb (SEQ ID NO:36) or N-Ac -CHAVC -Y-NH? (SEQ ID NO:81). 

130. A method according to claim 128, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31AI. 

131. A method according to claim 127, wherein neurite outgrowth is 

inhibited. 

132. A method according to claim 127, wherein neurite outgrowth is 

enhanced. 
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133. A method according to claim 127, wherein neurite outgrowth is 

directed. 

134. A method according to claim 127, wherein the modulating agent 
is linked to a drug. 

135. A method according to claim 127, wherein the modulating agent 
is linked to a targeting agent. 

136. A method according to claim 127, wherein neurite outgrowth is 
enhanced and/or directed and wherein the modulating agent is linked to a solid support. 

137. A method according to claim 136, wherein the solid support is a 
polymeric matrix. 

138. A method according to claim 136, wherein the solid support is 
selected from the group consisting of plastic dishes, plastic tubes, sutures, membranes, 
ultra thin films, bioreactors and microparticles. 

139. A method according to claim 127, wherein the modulating agent 
is present within a pharmaceutical composition that comprises a physiologically 
acceptable carrier. 

140. A method according to claim 139, wherein the composition 
further comprises a drug. 

141. A method according to claim 139, wherein the cell adhesion 
modulating agent is present within a sustained-release formulation. 

142. A method for treating spinal cord injuries in a mammal, 
comprising administering to a mammal a cell adhesion modulating agent that enhances 
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neurite outgrowth, wherein the modulating agent comprises a peptidomimetic having a 
three-dimensional structure that is substantially similar to a three-dimensional structure 
of a cyclic peptide that comprises the sequence His-Ala-Val within a cyclic peptide ring, 
and thereby treating a spinal cord injury in the mammal. 

143. A method according to claim 142, wherein the cyclic peptide has 

the formula: 

(YO-CXO-His-Ala-Val-CXiXYa) 
I I 

wherein X,, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xj and X 2 ; and wherein Yj and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

144. A method according to claim 143, wherein the cyclic peptide is 
N-Ac-CHAVC-NH 2 (SEQ ID NO: 10), N-Ac -CHAVDC -NH, (SEQ ID NO:20), N-Ac- 
CSHAVC-NH 2 (SEQ ID NO:36) or N-Ac-CHAVC-Y-NH 2 (SEQ ID NO:81). 

145. A method according to claim 142, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21 A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31AI. 

146. A method according to claim 142, wherein neurite outgrowth is 

inhibited. 

147. A method according to claim 142, wherein neurite outgrowth is 

enhanced. 
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148. A method according to claim 142, wherein neurite outgrowth is 

directed. 

149. A method according to claim 142, wherein the modulating agent 
is linked to a drug. 

150. A method according to claim 142, wherein the modulating agent 
is linked to a targeting agent. 

151. A method according to claim 142, wherein neurite outgrowth is 
enhanced and/or directed and wherein the modulating agent is linked to a solid support. 

152. A method according to claim 151, wherein the solid support is a 
polymeric matrix. 

153. A method according to claim 151, wherein the solid support is 
selected from the group consisting of plastic dishes, plastic tubes, sutures, membranes, 
ultra thin films, bioreactors and microparticles. 

154. A method according to claim 142, wherein the modulating agent 
is present within a pharmaceutical composition that comprises a physiologically 
acceptable carrier. 

155. A method according to claim 154, wherein the composition 
further comprises a drug. 

156. A method according to claim 154, wherein the cell adhesion 
modulating agent is present within a sustained-release formulation. 

157. A method for treating macular degeneration in a mammal, 
comprising administering to a mammal a cell adhesion modulating agent that enhances 
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classical cadherin-mediated cell adhesion, wherein the modulating agent comprises a 
peptidomimetic having a three-dimensional structure that is substantially similar to a 
three-dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic peptide ring, and thereby treating macular degeneration in the mammal. 

158. A method according to claim 157, wherein the cyclic peptide has 

the formula: 

(Y 1 )-(X,>His-Ala.Val-(X 2 )-(Y 2 ) 
I I 

wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Y, and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

159. A method according to claim 158, wherein the cyclic peptide is 
N-Ac -CHAVC -NH, (SEQ ID NO: 10), N-Ac -CHAVDC -NH, (SEQ ID NO:20), N-Ac- 
CSHAVC-NH, (SEQ ID NO:36) or N-Ac-CHAVC- Y-NH 2 (SEQ ID NO:81). 

160. A method according to claim 157, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11,13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31 A-31AI. 

161. A method according to claim 157, wherein the modulating agent 
is linked to a drug. 

162. A method according to claim 157, wherein the modulating agent 
is linked to a targeting agent. 
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163. A method according to claim 157, wherein the modulating agent 
is present within a pharmaceutical composition that comprises a physiologically 
acceptable carrier. 

164. A method according to claim 163, wherein the composition 
further comprises a drug. 

165. A method according to claim 163, wherein the cell adhesion 
modulating agent is present within a sustained-release formulation. 

166. A kit for administering a drug via the skin of a mammal, 

comprising 

(a) a skin patch; and 

(b) a peptidomimetic having a three-dimensional structure that is 
substantially similar to a three-dimensional structure of a cyclic peptide that comprises 
the sequence His-Ala-Val within a cyclic peptide ring. 

167. A kit according to claim 166, wherein the cyclic peptide has the 

formula: 

(Y,)-(Xi)-His-Ala.Val.(X 2 HY 2 ) 
I I 

wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xj and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

1 68. A kit according to claim 1 66, wherein the cyclic peptide is N-Ac- 
CHAVC -NH2 (SEQ ID NO: 10), N-Ac-CH^DC-NH 2 (SEQ ID NO:20), N-Ac- 
CSHAVC -NH 2 (SEQ ID NO:36) or N- Ac-CHAVC- Y-NH 2 (SEQ ID NO:81). 
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169. A kit according to claim 166, wherein the peptidomimetic is a 
compound having a structure provided in any one of Figures 11, 13, 15A-15BG, 17A-17J, 
18A-18E, 19A-19E, 21A-21N, 22A-22H, 23A-23F, 24A-24C, 29A-29G, or 31A-31AI. 

170. A kit according to claim 166, wherein the skin patch is 
impregnated with the peptidomimetic. 

171. A kit according to claim 1 66, further comprising a drug. 

172. A method for evaluating a peptidomimetic for the ability to 
modulate classical cadherin-mediated cell adhesion, comprising: 

(a) culturing neurons on a monolayer of cells that express N- 
cadherin in the presence and absence of a peptidomimetic, under conditions and for a 
time sufficient to allow neurite outgrowth, wherein the peptidomimetic has a three- 
dimensional structure that is substantially similar to a three-dimensional structure of a 
cyclic peptide that comprises the sequence His-Ala-Val within a cyclic peptide ring; 

(b) determining a mean neurite length for said neurons; and 

(c) comparing the mean neurite length for neurons cultured in the 
presence of peptidomimetic to the neurite length for neurons cultured in the absence of 
the peptidomimetic, and therefrom determining whether the peptidomimetic modulates 
classical cadherin-mediated cell adhesion. 

1 73. A method according to claim 172, wherein the cyclic peptide has 

the formula: 

(Y0-(X,)-His-Ala-Val-(X 2 )-(Y 2 ) 
I I 

wherein X|, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
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amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

174. A method for evaluating a peptidomimetic for the ability to 
modulate classical cadherin-mediated cell adhesion, comprising: 

(a) culturing cells that express a classical cadherin in the presence 
and absence of a peptidomimetic, under conditions and for a time sufficient to allow 
cell adhesion, wherein the peptidomimetic has a three-dimensional structure that is 
substantially similar to a three-dimensional structure of a cyclic peptide that comprises 
the sequence His-Ala-Val within a cyclic peptide ring; and 

(b) visually evaluating the extent of cell adhesion among said cells, 
and therefrom identifying a peptidomimetic capable of modulating cell adhesion. 

175. A method according to claim 174, wherein the cyclic peptide has 

the formula: 

(Yi)-(X,)-His-Ala-Val.(X 2 )-(Y 2 ) 
I 1 

wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

176. A method according to claim 174, wherein the cells are selected 
from the group consisting of endothelial, epithelial and cancer cells. 

177. A method for evaluating a peptidomimetic for the ability to 
modulate classical cadherin-mediated cell adhesion, comprising: 

(a) culturing NRK cells in the presence and absence of a 
peptidomimetic, under conditions and for a time sufficient to allow cell adhesion, 
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wherein the peptidomimetic has a three-dimensional structure that is substantially 
similar to a three-dimensional structure of a cyclic peptide that comprises the sequence 
His-Ala-Val within a cyclic peptide ring; and 

(b) comparing the level of cell surface E-cadherin for cells cultured 
in the presence of the peptidomimetic to the level for cells cultured in the absence of the 
peptidomimetic, and therefrom determining whether the peptidomimetic modulates cell 
adhesion. 

178. A method according to claim 177, wherein the cyclic peptide has 

the formula: 

(YiXXO-His-Ala-Val-^HYi) 
I I 

wherein Xi, and X2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X 2 ; and wherein Yi and 
Y2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

179. A method for evaluating a peptidomimetic for the ability to 
modulate classical cadherin-mediated cell adhesion, comprising: 

(a) contacting an epithelial surface of skin with a test marker in the 
presence and absence of a peptidomimetic, wherein the peptidomimetic has a three- 
dimensional structure that is substantially similar to a three-dimensional structure of a 
cyclic peptide that comprises the sequence His-Ala-Val within a cyclic peptide ring; and 

(b) comparing the amount of test marker that passes through said 
skin in the presence of the peptidomimetic to the amount that passes through skin in the 
absence of the peptidomimetic, and therefrom determining whether the peptidomimetic 
modulates cell adhesion. 
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180. A method according to claim 179, wherein the cyclic peptide has 

the formula: 

(YO-CXO-His-Ala-Val-^)^) 
I I 



wherein Xi, and X2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues Xi and X2; and wherein Yi and 
Y2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 

181. A method according to claim 179, wherein said skin is human 

skin. 

182. A method for evaluating the ability of a peptidomimetic to 
modulate classical cadherin-mediated cell adhesion, comprising: 

(a) contacting a blood vessel with a peptidomimetic, wherein the 
peptidomimetic has a three-dimensional structure that is substantially similar to a three- 
dimensional structure of a cyclic peptide that comprises the sequence His-Ala-Val 
within a cyclic peptide ring; and 

(b) comparing the extent of angiogenesis of the blood vessel to a 
predetermined extent of angiogenesis observed for a blood vessel in the absence of the 
peptidomimetic, and therefrom determining whether the peptidomimetic modulates cell 
adhesion. 

183. A method according to claim 182, wherein the cyclic peptide has 

the formula: 

(Y|)-(X!)-His-Ala-Val-(X2HY2) 
I I 
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wherein Xi, and X 2 are independently selected from the group consisting of amino acid 
residues, with a covalent bond formed between residues X| and X 2 ; and wherein Yi and 
Y 2 are optional and, if present, are independently selected from the group consisting of 
amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. 
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<210> 1 

<211> 108 

<212> PRT 

<213> Homo sapiens 

<400> 1 

Asp Trp Val He Pro Pro He Asn Leu Pro Glu Asn Ser Arg Gly Pro 
1 5 10 15 

Phe Pro Gin Glu Leu Val Arg He Arg Ser Asp Arg Asp Lys Asn Leu 
20 25 30 

Ser Leu Arg Tyr Ser Val Thr Gly Pro Gly Ala Asp Gin Pro Pro Thr 
35 40 45 

Gly He Phe He Leu Asn Pro He Ser Gly Gin Leu Ser Val Thr Lys 
50 55 60 

Pro Leu Asp Arg Glu Gin He Ala Arg Phe His Leu Arg Ala His Ala 
65 70 75 80 

Val Asp He Asn Gly Asn Gin Val Glu Asn Pro He Asp He Val He 
85 90 95 

Asn Val He Asp Met Asn Asp Asn Arg Pro Glu Phe 
100 105 
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<212> PRT 

<213> Mus musculus 
<400> 2 

Aso Trp Val lie Pro Pro He Asn Leu Pro Glu Asn Ser Arg Gly Pro 
15 10 15 

Phe Pro Gin Glu Leu Val Arg He Arg Ser Asp Arg Asp Lys Asn Leu 
20 25 30 

Ser Leu Arg Tyr Ser Val Thr Gly Pro Gly Ala Asp Gin Pro Pro Thr 
35 40 45 

Gly He Phe He He Asn Pro He Ser Gly Gin Leu Ser Val Thr Lys 
50 55 60 

Pro Leu Asp Arg Glu Leu He Ala Arg Phe His Leu Arg Ala His Ala 
65 70 75 80 

Val Asp He Asn Gly Asn Gin Val Glu Asn Pro He Asp He Val He 
85 90 95 

Asn Val He Asp Met Asn Asp Asn Arg Pro Glu Phe 
100 105 



<210> 3 
<211> 108 
<212> PRT 
<213> Bos taurus 

<400> 3 

Aso Trp Val He Pro Pro He Asn Leu Pro Glu Asn Ser Arg Gly Pro 
1 5 10 15 

Phe Pro Gin Glu Leu Val Arg He Arg Ser Asp Arg Asp Lys Asn Leu 
20 25 30 

Ser Leu Arg Tyr Ser Val Thr Gly Pro Gly Ala Asp Gin Pro Pro Thr 
35 40 45 

Gly He Phe He He Asn Pro He Ser Gly Gin Leu Ser Val Thr Lys 
50 55 60 

Pro Leu Asp Arg Glu Leu He Ala Arg Phe His Leu Arg Ala His Ala 
65 ' 70 75 80 

Val Asp He Asn Gly Asn Gin Val Glu Asn Pro He Asp He Val He 
85 90 95 

Asn Val He Asp Met Asn Asp Asn Arg Pro Glu Phe 
100 105 
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<212> PRT 

<213> Homo sapiens 

<400> 4 

Asp Trp Val Val Ala Pro lie Ser Val Pro Glu Asn Gly Lys Gly Pro 
1 5 10 15 

Phe Pro Gin Arg Leu Asn Gin Leu Lys Ser Asn Lys Asp Arg Asp Thr 
20 25 30 

Lys lie Phe Tyr Ser He Thr Gly Pro Gly Ala Asp Ser Pro Pro Glu 
35 40 45 

Gly Val Phe Ala Val Glu Lys Glu Thr Gly Trp Leu Leu Leu Asn Lys 
50 55 60 

Pro Leu Asp Arg Glu Glu He Ala Lys Tyr Glu Leu Phe Gly His Ala 
65 70 75 80 

Val Ser Glu Asn Gly Ala Ser Val Glu Asp Pro Met Asn He Ser He 
85 90 95 

He Val Thr Asp Gin Asn Asp His Lys Pro Lys Phe 
100 105 



<210> 5 

<211> 108 

<212> PRT 

<213> Mus musculus 



<400> 5 

Glu Trp Val Met Pro Pro He Phe 
1 5 

Phe Pro Gin Arg Leu Asn Gin Leu 
20 

Lys He Phe Tyr Ser He Thr Gly 
35 40 

Gly Val Phe Thr He Glu Lys Glu 
50 55 

Pro Leu Asp Arg Glu Lys He Val 
65 70 

Val Ser Glu Asn Gly Ala Ser Val 
85 

He Val Thr Asp Gin Asn Asp Asn 
100 



Val Pro Glu Asn Gly Lys Gly Pro 
10 15 

Lys Ser Asn Lys Asp Arg Gly Thr 
25 30 

Pro Gly Ala Asp Ser Pro Pro Glu 
45 

Ser Gly Trp Leu Leu Leu His Met 
60 

Lys Tyr Glu Leu Tyr Gly His Ala 
75 80 

Glu Glu Pro Met Asn He Ser He 
90 95 

Lys Pro Lys Phe 
105 
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<212> PRT 

<213> Homo sapiens 
<400> 6 

Asp Trp Val lie Pro Pro lie Ser Cys Pro Glu Asn Glu Lys Gly Pro 
1 5 10 15 

Phe Pro Lys Asn Leu Val Gin lie Lys Ser Asn Lys Asp Lys Glu Gly 
20 25 30 

Lys Val Phe Tyr Ser lie Thr Gly Gin Gly Ala Asp Thr Pro Pro Val 
35 40 45 

Gly Val Phe lie lie Glu Arg Glu Thr Gly Trp Leu Lys Val Thr Glu 
50 55 60 

Pro Leu Asp Arg Glu Arg lie Ala Thr Tyr Thr Leu Phe Ser His Ala 
65 70 75 80 

Val Ser Ser Asn Gly Asn Ala Val Glu Asp Pro Met Glu lie Leu lie 
85 90 95 

Thr Val Thr Asp Gin Asn Asp Asn Lys Pro Glu Phe 
100 105 



<210> 7 

<211> 108 

<212> PRT 

<213> Mus musculus 



<400> 7 

Asp Trp Val He Pro Pro He Ser 
1 5 

Phe Pro Lys Asn Leu Val Gin He 
20 

Lys Val Phe Tyr Ser He Thr Gly 
35 40 

Gly Val Phe He He Glu Arg Glu 
50 55 

Pro Leu Asp Arg Glu Ala He Ala 
65 70 

Val Ser Ser Asn Gly Glu Ala Val 
85 

Thr Val Thr Asp Gin Asn Asp Asn 
100 



Cys Pro Glu Asn Glu Lys Gly Glu 
10 15 

Lys Ser Asn Arg Asp Lys Glu Thr 
25 30 

Gin Gly Ala Asp Lys Pro Pro Val 
45 

Thr Gly Trp Leu Lys Val Thr Gin 
60 

Lys Tyr He Leu Tyr Ser His Ala 
75 80 

Glu Asp Pro Met Glu He Val He 
90 95 

Arg Pro Glu Phe 
105 



<210> 8 
<211> 5 
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<212> PRT 
<213> Unknown 

<220> 

<221> MOD_RES 
<222> (2) 

<223> Where Xaa is any amino acid 
<220> 

<223> Description of Unknown Organism: Cadherin Calcium 
Binding Motif 

<400> 8 

Asp Xaa Asn Asp Asn 
1 5 



<210> 9 
<211> 4 
<212> PRT 
<213> Unknown 

<220> 

<223> Description of Unknown Organism: Cadherin Calcium 
Binding Motif 

<400> 9 

Leu Asp Arg Glu 
1 



<210> 10 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 10 

Cys His Ala Val Cys 
1 5 



<210> 11 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 11 

Cys His Gly Val Cys 
1 5 



<210> 12 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with cadherin cell adhesion recognition 
sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 12 

Lys His Ala Val Asp 
1 5 



<210> 13 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 13 

Lys His Gly Val Asp 
1 5 
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<210> 14 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with cadherin cell adhesion recognition 
sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 14 

Asp His Ala Val Lys 
1 5 



<210> 15 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N- terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 15 

Asp His Gly Val Lys 
1 5 



<210> 16 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 
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<400> 16 

Lys His Ala Val Glu 
1 5 



<210> 17 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 17 

Lys His Gly Val Glu 
1 5 



<210> 18 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 18 

Cys Val Ala His Cys 
1 5 



<210> 19 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 
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<220> 

<223> Cyclic Peptide may comprise N- terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 19 

Cys Val Gly His Cys 
1 5 



<210> 20 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N- terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 20 

Cys His Ala Val Asp Cys 
1 5 



<210> 21 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 21 

Cys His Gly Val Asp Cys 
1 5 



<210> 22 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
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<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 22 

Cys Ala His Ala Val Cys 
1 5 



<210> 23 
<211> 6 
<212> PRT 

<213> Artificial Sequence 



<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such- as amide or 
ester group 

<400> 23 

Cys Ala His Gly Val Cys 
1 5 



<210> 24 
<211> 8 
<212> PRT 

<213> Artificial Sequence 

<220> „ . . 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 

recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 24 

Cys Ala His Ala Val Asp He Cys 
1 5 
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<210> 25 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N- terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 25 

Cys Ala His Gly Val Asp lie Cys 
1 5 



<210> 26 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 26 

Cys Ala His Ala Val Asp Cys 



<210> 27 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
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ester group 
<400> 27 

Cys Ala His Gly Val Asp Cys 
1 5 



<210> 28 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 28 

Cys Arg Ala His Ala Val Asp Cys 
1 " 5 



<210> 29 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 29 

Cys Arg Ala His Gly Val Asp Cys 
1 5 



<210> 30 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
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recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 30 

Cys Leu Arg Ala His Ala Val Cys 
1 5 



<210> 31 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 31 

Cys Leu Arg Ala His Gly Val Cys 
1 5 



<210> 32 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 32 

Cys Leu Arg Ala His Ala Val Asp Cys 
1 5 



<210> 33 
<211> 9 
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<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 33 

Cys Leu Arg Ala His Gly Val Asp Cys 
1 " 5 



<210> 34 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 34 

Ala His Ala Val Asp He 
1 5 



<210> 35 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or c-terminal modifications such as amide or 
ester group 

<400> 35 

Ala His Gly Val Asp He 
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1 5 



<210> 36 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 36 

Cys Ser His Ala Val Cys 
15 



<210> 37 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<2 23> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<2 23> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and /or C-terminal modifications such as amide or 
ester group 

<400> 37 

Cys Ser His Gly Val Cys 
1 5 



<210> 38 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 
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modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 38 

Cys His Ala Val Ser Cys 
1 5 



<210> 39 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N- terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 39 

Cys His Gly Val Ser Cys 
1 5 



<210> 40 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N- terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 40 

Cys Ser His Ala Val Ser Cys 
1 5 



<210> 41 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 41 

Cys Ser His Gly Val Ser Cys 
1 5 



<210> 42 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 42 

Cys Ser His Ala Val Ser Ser Cys 
1 5 



<210> 43 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 43 

Cys Ser His Gly Val Ser Ser Cys 
1 5 



<210> 44 
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<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 44 

Cys His Ala Val Ser Ser Cys 
1 5 



<210> 45 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 45 

Cys His Gly Val Ser Ser Cys 
1 5 



<210> 46 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 
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<400> 46 

Ser His Ala Val Ser Ser 
1 5 



<210> 47 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 47 

Ser His Gly Val Ser Ser 
1 5 



<210> 48 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 48 

Lys Ser His Ala Val Ser Ser Asp 
1 5 



<210> 49 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 
control peptide 

<220> 
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<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 49 

Lys Ser His Gly Val Ser Ser Asp 
1 5 



<210> 50 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 50 

Cys His Ala Val Asp lie Cys 
1 5 



<210> 51 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 51 

Cys His Ala Val Asp He Asn Cys 
1 5 



<210> 52 
<211> 5 
<212> PRT 
<213> Unknown 
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<220> 

<223> Description of Unknown Organism: Cadherin cell 
adhesion recognition sequencebound by 
alpha-6-beta-l integrin 

<400> 52 

Tyr lie Gly Ser Arg 
1 5 



<210> 53 
<211> 10 
<212> PRT 
<213> Unknown 



<220> 

<223> Description of Unknown Organism: Cadherin cell 
adhesion recognition sequence bound by N-CAM 

<400> 53 

Lys Tyr Ser Phe Asn Tyr Asp Gly Ser Glu 
1 * 10 



<210> 54 
<211> 17 
<212> PRT 
<213> Unknown 

<220> 

<223> Description of Unknown Organism: N-CAM heparin 
sulfate binding site 

<400> 54 

He Trp Lys His Lys Gly Arg Asp Val He Leu Lys Lys Asp Val Arg 
1 5 10 is 

Phe 



<210> 55 
<211> 4 
<212> PRT 
<213> Unknown 

<220> 

<223> Description of Unknown Organism: Occluding cell 
adhesion recognition sequence 

<400> 55 
Leu Tyr His Tyr 
1 
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<210> 56 
<211> 8 
<212> PRT 
<213> Unknown 

<220> 

<223> Description of Unknown Organism: Claudin cell 
adhesion recognition sequence 

<220> 

<221> M0D_RES 
<222> (2) 

<223> Where Xaa is either Lysine or arginine 
<220> 

<221> MOD_RES 
<222> (3). .(4) 

<223> Where Xaa is an independently selected amino acid 
residue 

<220> 

<221> MOD_RES 
<222> (5) 

<223> Where Xaa is either Serine or Alanine 
<220> 

<221> MOD_RES 
<222> (6) 

<223> Where Xaa is either Tyrosine or Phenylalanine 
<220> 

<221> MOD_RES 
<222> (7) 

<223> Where Xaa is an independently selected amino acid 
residue 

<400> 56 

Trp Xaa Xaa Xaa Xaa Xaa Xaa Gly 
1 5 



<210> 57 
<211> 9 
<212> PRT 
<213> Unknown 

<220> 

<223> Description of Unknown Organism: Nonclassical 
cadherin cell adhesion recognition sequence 

<220> 

<221> M0D__RES 
<222> (1) 

<223> Where Xaa is an independently selected amino acid 
residue 
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<220> 

<221> MOD_RES 
<222> (3) 

<223> Where Xaa is an independently selected amino acid 
residue 

<220> 

<221> MOD_RES 
<222> (4) 

<223> Where Xaa is Isoleucine, Leucine or Valine 
<220> 

<221> MOD_RES 
<222> (5) 

<223> Where Xaa is Aspartic Acid, Asparagine or Glutamic 
Acid 

<220> 

<221> MOD__RES 
<222> (6).. (7) 

<223> Where Xaa is an independently selected amino acid 
residue 

<220> 

<221> MOD_RES 
<222> (8) 

<223> Where Xaa is Serine, Threonine or Asparagine 
<400> 57 

Xaa Phe Xaa Xaa Xaa Xaa Xaa Xaa Gly 
1 5 



<210> 58 
<211> 4 
<212> PRT 
<213> Unknown 

<220> 

<223> Description of Unknown Organism: Representative 
claudin cell adhesion recognition sequence 

<400> 58 
lie Tyr Ser Tyr 
1 



<210> 59 
<211> 4 
<212> PRT 
<213> Unknown 

<220> 

<223> Description of Unknown Organism: Representative 
claudin cell adhesion recognition sequence 
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<400> 59 
Thr Ser Ser Tyr 
1 



<210> 60 
<211> 4 
<212> PRT 
<213> Unknown 

<220> 

<223> Description of Unknown Organism: Representative 
claudin cell adhesion recognition sequence 

<400> 60 
Val Thr Ala Phe 
1 



<210> 61 
<211> 4 
<212> PRT 
<213> Unknown 

<220> 

<223> Description of Unknown Organism: Representative 
claudin cell adhesion recognition sequence 

<400> 61 
Val Ser Ala Phe 
1 



<210> 62 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthesized 
Peptide 

<220> 

<221> MODJRES 
<222> (1) 

<223> BLOCKED by 9-f luorenymethyloxycarbonyl 
<220> 

<221> MOD_RES 
<222> (2) 

<223> tert-butyl protecting group 
<220> 

<221> MOD_RES 
<222> (4) 

<223> tert-butyl protecting group 
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<220> 

<221> MOD_RES 
<222> (6) 

<223> t-Butoxycarbonyl protecting group 
<220> 

<221> MOD__RES 
<222> (7) 

<22 3> tert-butyl protecting group 
<220> 

<221> MOD_RES 
<222> (9) 

<223> tert-butyl protecting group 
<220> 

<221> MOD_RES 
<222> (10) 

<223> Methoxy terminal group 
<400> 62 

Cys Asp Gly Tyr Pro Lys Asp Cys Lys Gly 
1 5 10 



<210> 63 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthesized 
Cyclic Peptide 

<220> 

<221> MOD_RES 
<222> (1) 

<223> 9-f luorenylmethoxycarbonyl protecting group 
<220> 

<221> M0D__RES 
<222> (2) 

<223> tert-butyl protecting group 
<220> 

<221> MOD_RES 
<222> (4) 

<223> tert-butyl protecting group 
<220> 

<221> MOD_RES 
<222> (6) 

<223> t-butoxycarbonyl protecting group 
<220> 
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<221> MOD_RES 
<222> (7) 

<223> tert-butyl protecting group 
<220> 

<221> MOD_RES 
<222> (9) 

<223> tert-butyl protecting group 
<220> 

<221> M0D_RES 
<222> (10) 

<223> Methoxy terminal group 
<400> 63 

Cys Asp Gly Tyr Pro Lys Asp Cys Lys Gly 
! 5 10 



<210> 64 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthesized 
peptide 

<220> 

<221> MOD_RES 
<222> (1) 

<223> Residue has t-butoxycarbonyl, and Trityl or 
Acetamidoxaethyl protecting groups 

<220> 

<221> MOD_RES 
<222> (5). .(6) 

<223> tert-butyl protecting group 
<220> 

<221> MOD_RES 
<222> (7) 

<223> Trityl or acetaminomethly protecting group 
<400> 64 

Cys Gly Asn Leu Ser Thr Cys Met Leu Gly 
15 10 



<210> 65 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthesized 
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cyclic peptide 

<220> 

<221> MOD_RES 
<222> (1) 

<223> t-butoxycarbonyl protecting group 
<220> 

<221> M0D_RES 
<222> (5),. (6) 

<223> tert-butyl protecting group 
<400> 65 

Cys Gly Asn Leu Ser Thr Cys Met Leu Gly 
1 5 10 

<210> 66 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthesized 
peptide 

<220> 

<221> M0D_RES 
<222> (2) 

<223> Residue has Acetamidomethyl or 

tert-Acetaminomethyl or tert-butyl protecting 
group 

<220> 

<221> MOD_RES 
<222> (6) 

<223> Residue has Acetamidomethyl, tert -Acetamidomethyl 
or tert-butyl protecting group 

<220> 

<221> MOD_RES 
<222> (9) 
<223> AMI DAT I ON 

<400> 66 

Cys Tyr lie Gin Asn Cys Pro Leu Gly 
1 5 



<210> 67 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthesized 
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cyclic peptide 

<220> 

<221> MOD_RES 

<222> (9) 

<223> AMI DAT I ON 

<400> 67 

Cys Tyr lie Gin Asn Cys Pro Leu Gly 
1 5 



<210> 68 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N- terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<220> 

<221> M0D_RES 
<222> (5) 

<223> Where Xaa is beta, beta-dimethyl cysteine 
<400> 68 

Cys His Ala Val Xaa 
1 5 



<210> 69 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

Peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<220> 

<221> MOD RES 
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<222> (2) 

<223> Where Xaa is beta , beta-tetramethy lene cysteine 
<400> 69 

lie Xaa Tyr Ser His Ala Val Ser Cys Glu 
1 5 10 

<210> 70 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

Peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<220> 

<221> MOD_RES 
<222> (2) 

<223> Where Xaa is beta, beta-pent amethylene cysteine 
<400> 70 

He Xaa Tyr Ser His Ala Val Ser Ser Cys 
15 10 



<210> 71 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<220> 

<221> MOD_RES 
<222> (1) 

<223> Where Xaa is beta-mere apt opropionic acid 
<400> 71 
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Xaa Tyr Ser His Ala Val Ser Ser Cys 
1 5 



<210> 72 
<211> 9 
<212> PRT 

<213> Artificial Sequence 



<22 0> 

<5?3> Description of Artificial Sequence: Cyclic 

peptlae with classical cadherin cell adhesion 
recognition sequence 

<220> i 
<??3> Cvclic Peptide may comprise N-termina± 

SSScatLn such^s acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<220> 

<221> M0D_RES 
<222> (1) 

<223> Where Xaa is . rtn . 

beta , bet a-pent amethy lene-beta-mercaptopropionic 

acid 
<400> 72 

Xaa Tyr Ser His Ala Val Ser Ser Cys 
1 5 



<210> 73 
<211> 5 
<212> PRT 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<221> MOD_RES 
<222> (4) 

<223> Where Serine is D-Serine 
<400> 73 

His Ala Val Ser Ser 
1 5 



<210> 74 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Synthesized 
cyclic peptide 

<400> 74 
Trp Gly Gly Trp 
1 



<210> 75 
<211> 15 
<212> PRT 

<213> Homo sapiens 
<220> 

<223> Description of Artificial Sequence: 

Representative immunogen containing the HAV 
classical cadherin cell adhesion recognition 
sequence 

<220> 

<223> N-cadherin with HAV cell adhesion recognition 
sequence and flanking amino acids 

<400> 75 

Phe His Leu Arg Ala His Ala Val Asp He Asn Gly Asn Gin Val 
1 5 10 " 15 

<210> 76 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 76 

Cys His Ala Val Asp He Asn Gly Cys 
1 5 



<210> 77 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
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<220> ^ _ . 

<223> Description of Artificial Sequence; Cyclic 

peptide with classical cadherin cell adhesion 

recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-termxnal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 77 

Ser His Ala Val Asp Ser Ser 
1 5 

<210> 78 
<211> 48 
<212> PRT 
<213> Unknown 

<220> ; 
<223> Description of Unknown Organism: Occludin celX 

adhesion recognition sequnce and flanking amino 

acids 

Gly°val 8 Asn Pro Thr Ala Gin Ser Ser Gly Ser Leu Tyr Gly Ser Gin 
1 5 10 15 

lie Tvr Ala Leu Cys Asn Gin Phe Tyr Thr Pro Ala Ala Thr Gly Leu 
20 25 30 

Tyr val Asp Gin Tyr Leu Tyr His Tyr Cys Val Val Asp Pro Gin Glu 
35 40 45 



<210> 79 
<211> 4 
<212> PRT 
<213> Unknown 



<223> Description of Unknown Organism: Cadherin Calcium 
Binding Motif 

<220> 

<221> M0D_RES 
<222> (1) 

<223> Where Xaa is any amino acid 
<220> 

<221> MOD_RES 
<222> (3) 

<223> Where Xaa is any amino acid 
<400> 79 
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Xaa Asp Xaa Glu 
1 

<210> 80 
<211> 4 
<212> PRT 
<213> Unknown 

<220> 

<223> Description of Unknown Organism: Cadherin Calcium 
Binding Motif 

<400> 80 
Asp Val Asn Glu 
1 

<210> 81 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 81 

Cys His Ala Val Cys Tyr 
1 5 

<210> 82 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 82 

Cys Phe Ser His Ala Val Cys 
1 5 



<210> 83 
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<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 83 

Cys Leu Phe Ser His Ala Val Cys 
1 5 

<210> 84 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N- terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 84 

Cys His Ala Val Cys Ser 
1 5 

<210> 85 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 85 

Ser Cys His Ala Val Cys 
1 5 
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<210> 86 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-tenninal modifications such as amide or 
ester group 

<400> 86 

Cys His Ala Val Cys Ser Ser 
1 5 

<210> 87 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 87 

Ser Cys His Ala Val Cys Ser 
1 5 

<210> 88 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 88 

Cys His Ala Val Cys Thr 
1 5 
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<210> 89 
<211> 6 
<212> PRT 

<213> Artificial Sequence 

<220> , . ^ 

<223> Description of Artificial Sequence: Cyclxc Peptxde 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N- terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 89 

Cys His Ala Val Cys Glu 
1 5 

<210> 90 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 90 

Cys His Ala Val Cys Asp 
1 5 

<210> 91 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 91 

Cys His Ala Val Tyr Cys 
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1 5 

<210> 92 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<220> 

<221> MODJRES 
<222> (5) 

<223> Where Xaa is beta , beta-dimethyl cysteine 
<400> 92 

Xaa His Ala Val Cys 
1 5 

<210> 93 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 93 

Cys His Ala Val Pro Cys 
1 5 



<210> 94 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic Peptide 
with Classical Cell Adhesion Recognition Sequence 

<220> 
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<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 94 
His Ala Val Cys 
1 



<210> 95 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 95 

Gly His Ala Val Cys 
1 5 



<210> 96 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Cyclic 

peptide with classical cadherin cell adhesion 
recognition sequence 

<220> 

<223> Cyclic Peptide may comprise N-terminal 

modification such as acetyl or alkoxybenzyl group 
and/or C-terminal modifications such as amide or 
ester group 

<400> 96 

Asn His Ala Val Cys 
1 5 
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